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Volume December, 1907. Number 6. 


THE 


PHYSICAL REVIEW. 


DISCHARGE OF ELECTRICITY FROM GLOWING 
PLATINUM AND THE VELOCITY 
OF THE IONS.' 


By EF. RUTHERFORD. 


“THE fact that glowing bodies discharge positive and negative 

electricity with unequal facilities, has been shown by many 
observers. The most detailed examination of this subject has been 
made by Elster and Geitel.? They found that when a platinum 
wire was heated to a bright red heat, in an atmosphere of air or 
oxygen, at low pressure, a cold metal plate in its neighborhood 
discharged negative electricity more readily than positive. If, how- 
ever, a thin platinum wire or carbon filament is heated in an atmos- 
phere of hydrogen at low pressure, the cold plate discharges posi- 
tive electricity more readily than negative. 

The object of the present investigation was to test the validity of 
certain results obtained from a theoretical consideration of the con- 
ductivity of gases when the ionization was confined mainly to the 
surface of one electrode. A very simple means of obtaining strong 
surface ionization is to heat a platinum wire or plate to a red_ heat 
by an electric current, and this method has been employed in the 
course of the investigation. An account of the theory as given in 
a recent paper by the author,’ in order to explain the differences ob- 
served in the value of the current through ionized gases when the 


'A paper read at the Denver meeting of the American Association for the Advance- 


ment of Science, August, 1901. 
2 Wied. Annal., 37 and 38. 
3 Phil. Mag., August, 1901. 
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electric field was reversed. When these investigations were in prog- 

ress C. D. Child' published a paper in which a similar theory was 

worked out and applied to determine the velocity of ions drawn 

from a flame and from a carbon arc. 

A brief account of the theory will first be given and then a com- 
parison between the theoretical and experimental results. 

Let A (Fig. 1) be a platinum 

plate, the surface of which is to 

be a source of ionization; A,a 


A B 
+ 
ptt (os) metal plate, placed parallel to it 


and distant d apart. The plate 


ARTH EARTH 


Fig. 1 A is connected to one pole of a 


battery of small accumulators, 
the other pole of which is to earth. The plate 4 is connected to 
earth through a sensitive galvanometer. Let v be the P.D. be- 
tween 4 and #. 

Suppose the plate A charged positively. When the plate 4 is 
heated to a red heat, a current is observed to pass through the gal- 
vanometer. In order to produce this current, positive ions, pro- 
duced either from the heated plate or the gas in its immediate 
neighborhood, pass across from A to B. 

Let 7 = current per sq. cm. through the gas. 

# = number of ions per cc. at any point distant + from A. 
e = charge on the ion. 
When the current is steady, the same current passes over any 


any cross section between the plates, . 


dv 
t= — Kune —_, 
ax 


where AK = velocity of positive ion per unit potential gradient and 
is the electric force. 
By Poisson’s equation,’ 
d*yv 


= — 4rne. 


'See J. J. Thomson, Phil. Mag., 47, p. 465. 
2 PHysIcAL ReEv., Feb. and March, Igo!. 
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Eliminating ~ between these two equations, we obtain 


Integrating 
(=) =ar+Bh 


Now A is the value of ( is) at the surface of the heated plate 
ate 


and can be made as small as we please by increasing the number of 
ions produced at the surface of the plate. This can be easily seen 
from first principles, for the higher the temperature the greater 
the number of ions produced per second and consequently the 
ta 


the neighborhood of the plate, the number of ions requisite to con- 


av 
smaller the value of the electric field ,- necessary to withdraw from 


vey the current. The potential gradient between the plates was ex- 
perimentally examined and it was found that the slope of potential 
was extremely small near the heated plate and was greatest near 
the plate 4. If the ionization is intense we can thus make # zero 
without any appreciable error. 


Then 
dv 


= — 
ax 


Integrating between the limits 0 and d 


I= — Zaidi 
or 
and 
327d 


The ionization theory, applied to the question of the current be- 
tween two parallel plates, when the ionization is powerful and con- 
fined mainly to the surface of one electrode, thus leads to the fol- 


lowing conclusions : 


dy 877 
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1. The current is independent of the intensity of the ionization, 
7. ¢., of the temperature of the plate, beyond a certain limiting 
value ; for the equation, giving the current, does not involve the 
intensity of the ionization at the surface of the plate. 

2. The current is directly proportional to the square of the voltage 
between the plates. 

3. The current is directly proportional to the velocity of the ions 
and inversely as the cube of the distance between the plates. 


il, 


: 


10 vo 


V=Milli-Voitmeter |cetts 
P= Platinum Plate 

C= Copper Plate 

3 = Earth = 


R= Variable Resistance, 


Fig. 2. 


[EXPERIMENTAL ARRANGEMENT. 

The platinum foil, which served as a source of ionization, was 
rectangular in shape, 14 cms. long, 7.5 cms. wide, and .002 cm. 
thick. It was fastened at each end to solid copper plates by means 
of silver solder. 

The upper plate was attached to a copper rod, through which the 
current entered, and the lower plate dipped freely into a mercury 
trough. The foil was thus always in a vertical plane and no correc- 
tion was necessary for sag of the foil with rise of temperature. The 
experimental arrangement can be clearly seen from Fig. 2. The 
current was supplied from a motor generator, from which a current 
of 150 amperes, at 15 volts, could be readily obtained. The current 
was measured by a Weston millivoltmeter off a standard .ooo1 w and 
could be varied by a low resistance rheostat in the circuit. The 
whole system was moderately well insulated and could be charged 
up to 600 volts above the earth, by means of a battery of small ac- 
cumulators, one pole of which was connected to earth. The current 


was measured by means of a sensitive galvanometer between the 
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4|} 
ERATOR Cc 
R | 
| 
5 
33 
mee 
4 


No. 6.] DISCHARGE FROM GLOWING PLATINU A 325 


platinum plate and two vertical copper plates ¢ and c, placed at 
equal distances from opposite sides of the platinum foil. In order 
to obtain a uniform electrostatic field these copper plates were sur- 
rounded by guard-rings and additional side plates were fixed near 
platinum plate and in the same vertical plane. 

The galvanometer was always slightly disturbed by the magnetic 
field due to the large current circulating in the leads. This was 
compensated for by placing a coil of wire, shunted off the .ooo1 w 
near the galvanometer. 

The sensitive galvanometer employed was of about 100,000 w re- 
sistance and gave a deflection of I mm. at about 2 meters distance 


as 10 


for a current of 3.50 10~” amps. 


EXPERIMENTAL RESULTs. 


The platinum plate began to discharge positive electricity at a 
temperature just below a dull red heat. The deflection for a given 
P.D. between the plates increased rapidly with rise of temperature. 
The effect of increase of temperature of the platinum plate on the 
amount of current for a given P.D. varies with the distance between 
the plates. For a distance of 3 cms. and over, the current first in- 
creased rapidly to a maximum, remained practically constant over 
a short range, and then steadily diminished with increase of temper- 
ature to a white heat. For a distance of 2 cms. and under, the 
current first increased rapidly and then more slowly with rise of 
temperature, but did not pass through any maximum. 

Curves I[., II., II]. and IV., Fig. 3, show the general nature of 
‘the results, where the ordinates represent current (on different scales) 
and abscissw, ampéres, through the platinum plate. The plate 
begins to discharge positive electricity at about 70 amépres. For 
distances 3 to 8 cms. a practical maximum is reached for a current 
of about 100 ampéres. 

Between 2 and 3 cms. the curves change in shape. 

The shape of the curves for a given distance between the plates 
was altered to some extent by increase of the P.D. between the 
plates. 

According to the theory, already considered, we should have 
expected the current to reach a maximum for a given P.D. and 
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then remain constant, however much the amount of ionization at the 
surface of the plate was increased. In the experimental case, how- 
ever, the theoretical conditions are not fulfilled. In order to in- 
crease the rate of production of ions, the temperature of the platinum 
plate is increased and the air between the plates is heated. Since 
the ions move faster in the heated gas and the current depends on 
the velocity of the carrier, it would naturally be expected that the 
current would first increase rapidly and then more slowly, as the 
temperature of the plate was raised. This is experimentally observed 
for a distance of 2 cms. and under. 


2 

| 
| 


DEFLECTION OF GALV. 


3 
| 


60 70 0 90 100 110. #4120 4120 140 
AMPERES 


Fig. 3. 


The explanation of the decrease of the current with rise of tem- 
perature for distances greater than 3 cms. will be given in detail 
later in the paper (page 329). It is there shown that the diminution 
is probably due to the presence between the plates of some slowly 
moving carriers. 

Negative electricity was not discharged from the platinum plate 
till a white heat, with a maximum current of about 135 ampéres. 
Over the wide range of temperature corresponding to the difference 
between the currents 70 and 135 ampéres, positive electricity only 
can be discharged. 
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Variation of the Current with Voltage. 

The current through the platinum plate was kept approximately 
constant at 100 ampéres. This corresponds to the maximum cur- 
rent through the gas for the distance of 3 cms. and above. The 
current was found to vary approximately as the square of the P.D. 


between the plates. 


Distance between platinum and copper plate, 2 cms. 
1mm. of scale 3.50 amps. 
P.D. in Volts. Deflect. of Galv. in mms. | deflection 
volts. 
26 27 .200 
52 115 .206 
104 470 .208 
156 1150 «aaa 
208 2178 .224 
312 4540 .216 
364 6120 
468 10340 
624 18800 .219 


Suitable shunts to galvanometer were employed for the larger 
currents. In the third column is given the value of the square 
root of the deflection divided by the P.D. in volts. This should 
be a constant if the current is proportional to the square root of 
the voltage. The above results show that this is very approxi- 
mately the case. The interpretation of the results for lower volt- 
ages is complicated by the P.D. between terminals of platinum 
plate due to the passage of the current through it. 


Ptlates apart 


| deflection 


P.D. in Volts. Deflection. 

volts. 

52 15 .074 

104 63 .076 

156 142 .076 

208 267 .078 
312 667 -080 
468 1466 .082 
624 2690 -083 


In both these cases, the deflection increases slightly more rapidly 
than the square of the P.D. This is probably due to the fact 
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that the ions increase in size and thus diminish in velocity, the 
longer the time taken to travel between the electrodes. The re- 
sults obtained for distances up to 8 cm. are similar to those given 
above. 
Fartation of the Current with Distance Between the Plates. 

rom the theory, the current between the plates for a given 
P.D. should vary inversely as the cube of the distance between 
them. This relation is, however, widely departed from in the 
experimental case. 

The following table shows the way in which the current, for a 
temperature corresponding to about 100 amps., varies with the 
distance between the plates for a P.D. of 624 volts. 


Distance ¢ incms. Current /. ixd3 
2 18800 150,000 
3 2690 72,600 
4 835 53,400 
5 296 37,000 
6 156 33,700 


The above values were taken from observations at different times 
and are only approximate. 

The current thus falls off more rapidly than the inverse cube of 
the distance. The value ¢d* should be equal if the ionic velocities 
are constant for different distances between plates. It will be shown 
later, however, that in consequence of the air being heated near the 
platinum plate, the velocity of the carrier is greater near the plati- 
num plate and diminishes as we proceed from the plate. 

The average velocity (as will be shown later) of the ion for the 
plate 2 cms. apart, is about 7.8 cms. per second, for a potential 


gradient of 1 volt per cm. and for 5 cms. 4.7 cms. per second. 
Since A is proportional to when A’ is -increased, increases 
in like ratio. 

The results on the variation of the current with voltage and the 
variation with distance between the plates, are thus in general 
agreement with the .theory of ionization, taking into account the 


differences between the theoretical and experimental conditions. 


2 
| 
© 
| 
A 
‘ 


No. 6.] DISCHARGE FROM GLOWING PLATINUM. 329 


The diminution of current with distances of 3 cms. and over for 
high temperatures, is, however, quite contrary to the result to be 
expected from the simple theory and has therefore been made a 
matter of detailed investigation. 

The phenomena can be satisfactorily explained if we suppose that, 
above a certain temperature, the current is carried by two or more 
kinds of carriers, some of which move much slower than the others. 
Let us for simplicity suppose the carriers between the plates are of 
two kinds, but of the total current / per sq. cm. between the plates, 
the current 7, is conveyed by carriers of velocity A, and the current 
?, by carriers of velocity A,. Then? =7, + 


d*v 


N,) 
da* 4 1+ 


where x, and ”, are the number of ions of the two kinds at any 
point distant x from the platinum plate ; 


ai 
i=—Ane de 
di 
ar 
Therefore 
(2, + 2.) ai 
K, ay 
or 
dx ax A, A, 
Integrating twice as before, and putting Taal at the origin, as 
ax 
in the simpler theory, we finally obtain, 
gi" 
 & 327d" 
or 
?|=- Q 
K, iK, 32nd 


For a given voltage and distance, the right hand side is a constant 
and the value of 7 depends on the value of the second term of the 
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left hand side of the equation. If A’, be small compared with 4, 
the value of the term may become considerable even though 7, may 
be small compared with 7. For example, if 


K, = 100K, 
and 
7, = 1007, 


the limiting value of the current Z is only half of its value if no such 
slow moving carriers were present. 

The effect of the presence of slow moving carriers between the 
plates can be readily shown by a simple experiment. The current 
between heated platinum plate and copper plate 3 cms. apart, was 
observed on the galvanometer. A slight current of tobacco smoke, 
or smoke from mouldering cotton waste, was allowed to pass be- 
tween the plates. The current instantly fell to less than half its 
value. When the current of smoke ceased, the current immediately 
regained its former value. The explanation is simple. Some of 
the positive ions in their passage between the plates became at- 
tached to the large smoke nuclei, which in consequence of their size 
moved very slowly in the electric field. Although the number of 
such carriers was probably extremely small compared with the 
number of ions at any given time between the plates, the effect on 
the value of the current was very marked. 

Some information as to the presence of slow moving carriers can 
be gained by directing a rapid current of air between the plates. 
In a special experiment, a current of about 100 ampéres was kept 
through the platinum plate, which corresponded to about the 
temperature of the maximum current between plates 5 cms. apart. 
On directing a current of air from bellows between the plates the 
deflection of the galvanometer rose from 65 to 84 divisions and re- 
mained constant if current of air was kept constant. The current 
through the platinum plate was then raised to 150 ampéres and the 
current without the blast fell to 30, and on directing a current of air 
of the same velocity as before between the plates, the current rose to 
60. Inthe one case, the current increased twice and in the other, 
1.3 times. The current of air was not sufficiently rapid to blow 
out between the plates many of the swifter moving ions, but even a 
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comparatively slow current of air increased the current quite ap- 
preciably, showing that some slow moving carriers were probably 
present at the lower temperature. The greater increase of current 
with the blast for the high temperature would show that more slow 
moving carriers were present between the plates than at a lower 
temperature. This is in agreement with the results on the decrease 
of current between the plates with temperature. 

The shapes of the curves expressing the relation between current 
and ampéres through the platinum plate (Fig. 2) are seen to depend 
both on the distance between the plates and the P.D. A few ex- 
amples, sufficient to illustrate the general result, are given in the 
curves of Fig. 2. For a distance of 2 cm. and under, the current 
(curve I.) increased steadily with the temperature, whatever the 
voltage. For a distance of 3 cm. and over, the current always 
reached a maximum for a current of about 110 amps. and then 
diminished. The ratio to which the current was decreased by rise 
of temperature was smaller, the larger the P.D. acting. This is 
shown by the curves II. and III., for plates 3 cm. apart and 105 and 
630 volts between the plates. For 630 volts, the current does not 
decrease so soon or so much as for 106 volts. For intermediate 
voltages, the general shapes of the curves are intermediate between 
curves IT. and III. 

The relation between temperature of the plate and the current 
for a given voltage receives a general explanation, if we suppose 
that the number of the slow moving carriers, appearing between 
the plates, increases with the temperature and the voltage, but that 
their number does not increase so rapidly as the current between 
the plates, which increases, as we have seen, nearly as the square 
of the P.D. This will suffice to explain the differences between 
the curves II., II]. and IV. Fora change of distance from 3 to 2 
cm., the current increases over 10 times and in a greater proportion 
than the number of the slow moving carriers. The increase of 
velocity of the ions, due to the average rise of temperature of the 
gas with increase of current through the platinum plate, more than 
compensates for the increase of the number of slow moving carriers 
and the current consequently increases with rise of temperature of 
the platinum plate. 
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At the present state of our knowledge, no very definite explana- 
tion can be given of the origin of the slow moving carriers. As no 
sign of smoke or fumes could be seen rising between the plates, 
the action was not likely due to such nuclei. There are, however, 
two possible explanations of the presence of these large carriers. 
In the first place it is well known that a glowing platinum wire 
loses in weight. It is probable that this loss of weight is due to 
the disintegration of the surface of the platinum. The particles of 
metal shot off would probably be large compared with a molecule, 
and in their slow passage between the plates would, as in the case 
of the smoke nuclei, acquire a charge from the ions through which 
they move. This explanation would also serve to account for the 
diminution, in some cases, of the current with rise of temperature 
where the plate is negatively charged (see Fig. 8, curves for 53 and 
102 volts). 

On the other hand there is considerable evidence that in the dis- 
charge of electricity by flames and glowing platinum, the ions be- 
tween the plates are not all the same size. 

Whether these carriers are initially unequal in size or have different 
powers of acting as nuclei for the condensation of matter around 
them is difficult to settle experimentally. There seems to be little 
doubt that some ions, for example those present in flame gases, in- 
crease rapidly in size as the flame gases diminish in temperature. 
The results of Maclelland' on the velocity of ions drawn from a 
flame point strongly to this conclusion. 

We have also the well-known fact that negative ions produced 
by Rontgen rays increase in size when the gas in which they are 


produced is saturated with water vapor. 


DIscHARGE OF NEGATIVE ELECTRICITY. 

Negative electricity could not be discharged for low voltages 
until the platinum plate had nearly reached a white heat with a 
current of about 135 ampéres. The relation between current and 
P.D. could only be examined over a range of 135 to 165 amperes, 
which was the maximum current that could be employed in the 
experiments. The results are embodied in curves in Figs. 4 and 5. 


' Proc. Roy. Soc., 1899. 


Toe 
4 
3 
{ 
= 
_ 
ae, 
i 
3 
fi 
ng 
Ry 
' 3 
q 
= 


PLATES 2 CMS. APART 


dWV 94,01) | 


NSAIO HOV 
| 40 NOIL931430 


c 


AMPERES 
Fig. 4. 


PLATES 3 CMS. APART 


40 


-35 V 


160 


150 
AMPERES 


Fig. 5. 


| 
| 
| 
| | 
| 
| 
| 
| 
| 
> | 
Vis 
Vv 
f~ } 
; 
| | 
130 140 150 160 
ocr —— 
| 
| | 
| 
60 
> 
40} 4 
| | 
3 20 | > 
3 
100} 
20} 
i | 
Oy 
aN] 
i | 
+0} 
| “105 | 
| 
| | | | 
| | | 
140 
! 
| 
5 
= 


334 £. RUTHERFORD. [Vou. XIII. 

In Fig. 4 the results are given for a distance of 2 cms. between 
the plates for voltages varying from —26 to —306 volts. It will 
be observed that in all cases the current increases rapidly with in- 
crease of temperature. There is very distinct evidence that for a 
given temperature the current reaches a maximum and is not much 
affected by increase of voltage from —200 to —300 volts, show- 
ing that all the negative ions produced are carried across. Asa 
very slight variation of the temperature causes a very large increase 
in the current, the results given for comparison are only approximate. 

For plates 3 cms. apart a very distinct difference is observed. 
In Fig. 5 the results are given for P.D. ranging from 53 to 300 volts. 
From —53 and to — 102 volts, the current reaches a maximum 
and then decreases with rise of temperature, and, in this respect re- 
sembles curves for the positive discharge. For 127 volts P.D., the 
current is nearly constant at its higher portions, while from 153 
to 300 volts the current is found to increase continuously and rap- 
idly with increase of temperature. The temperature of the plati- 
num plate has not been pushed high enough to obtain sufficient 
ionization at the surface for the current, due to negative ions, to 
vary as the square of the P.D. For this reason no attempt has 
been made to compare the velocity of the positive and negative 
ions. 

Temperature Gradient Between Plates. 

In the experimental arrangement the plates were vertical and ex- 
posed freely to the air on all sides. The average temperature of 
the gas between the plates is shown in Fig. 6, for distances of 2 
and 3 cms., when a current of 124 amps. was passing through the 
plates, which corresponded to a bright red heat. 

The temperatures were determined by a platinum rhodium ther- 
mocouple, with a special apparatus, designed and calibrated by H. 
M. Tory, M.A., of McGill University, for the measurement of high 
temperatures. 

It was observed that the platinum plate was appreciably cooled by 
conduction at the point of contact of the junction with its surface. 
For this reason the indicated temperature of the plate was much too 
low. For a distance of 2 cms. between the plates, the indicated 
temperature of the platinum plate was gg1° C., for a current of 134 
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amps., and was probably at least 100° C. too low. The tempera- 
ture fell extremely rapidly near the surface of the platinum plate, 
became approximately constant for some distance midway between 
the plates, and increased slightly near the copper plate. This is to 
be expected since the copper plate was heated by radiation toa 
higher temperature than the surrounding air. The lowest tempera- 
ture observed for the air between the plates was 169° C. for 3 cms. 
apart and 281° C. for 2 cms. With increase of distance the aver- 
age temperature between plates steadily decreases. 
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Velocity of the Tons. 
From the theory discussed in the beginning of the paper, the ve- 
locity of the positive ion is given by 


k ; 
gv” 

At first sight this equation offers a simple and fairly accurate 

method of determination of the velocity of the ions, since 7, the lim- 


iting current (which is measured by a galvanometer or electrometer), 
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is independent of the intensity of the ionization at the surface of the 
platinum plate, and the quantities 7 and @ can be accurately meas- 
ured. The current has been shown to vary very approximately as 
the square of the P.D., so that the velocity deduced is independent 
of the voltage employed. 

The following table is an example of the determination of veloc- 
ities for distances between the plates varying from 2 to 7 cms., by 
means of the theory. , 


2 52 103 5.5 cms. per sec. 
3 103 68 
3 155 155 
4 155 53 2.59. 
4 256 150 2.69 ** 
5 255 63 2.20 
5 306 90 2.20 
7 282 24 


Current through platinum plate about 110 amps. 
I scale division of galvanometer — 3.50 10-'° amps. 1.05 E. S. units per sec. 


Area of each plate surrounded by guard ring, 96 sq. cms. 

The current observed, except for distance of 2 cms., was a maxi- 
mum. In the above table the value of 7, the current per sq. cm., is 
equal to the deflection divided by 192, since the current was meas- 
ured to two plates, 96 sq. cms. in area, at equal distances on each 
side of the platinum plate. In order to calculate the velocity, 7 and 
!” are expressed in electrostatic units, and the value A is then given 
for a potential gradient of 1 E. S. unit per second, The velocity 
for 1 volt per cm. is obtained by dividing this value by 300. 

It will be observed that the calculated value of the velocity is 
greatest when the plates are closest together and gradually dimin- 
ishes with the distance. For a distance of 2 cms. between the 
plates, the gas through which the ions travel is at a much higher 
average temperature than for a distance, say, of 7 cms. 

A very important question now arises whether we are justified in 
assuming that the calculated value of the velocities of the ions given 
above represents even approximately the average velocity of the ions 
through the gas. The theory is based on the supposition that the 
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ions are all of the same kind and size and that the velocity is un- 
altered in passing from one plate to the other. These conditions 
are, however, widely departed from in practice. Since the tempera- 
ture of the gas between the plates is greatest near the platinum sur- 
face and gradually falls off to the copper plate, a given ion will de- 
crease in velocity, for a given potential gradient, as it passes from 
the hot to the cold plate. The experiments of Maclelland ' also 
show the velocity of the ions drawn from flame gases diminish 
rapidly as the temperature of the gas, through which they move, 
decreases. This decrease of velocity is much greater than can be 
accounted for by the lowering of the temperature of the gas and 
seems to be due to an actual increase of size of the ion. It is prob- 
able that the ions from a heated piatinum surface will also show 
similar behavior. 

It will also be shown later that the velocity of the ions at a 
given point of the gas is not a constant, but varies between fairly 
wide limits. We have also seen that some very slow moving car- 
riers are present between the plates, the effect of which is in some 
cases to greatly reduce the current. 

Taking all these divergences between the actual and theoretical 
conditions into consideration, it cannot be assumed without a special 
investigation that the velocities of the ions tabulated from the equa- 


tion represent even approximately the true values. 


Direct Determination of Velocity of the Tons. 

In order to settle the amount of agreement between the calcu- 
lated and actual velocities, a direct method of measuring the ve- 
locity of the ions was employed. 

The method is identical in principle with that previously employed 
by the author * to determine the velocity of the negative ion pro- 
duced by ultra-violet light falling on a negatively electrified surface. 

A direct P.D. was changed to an alternating P.D. of known 
frequency by means of a suitable revolving commutator. This al- 
ternating P.D. was applied to the platinum plate. Suppose the 
current through the platinum plate is large enough to produce a 


' Proc. Roy. Soc., 1899. 
?Proc. Camb. Phil. Soc., 18908. 
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large supply of positive ions, but not large enough to discharge 
negative electricity. The instant the platinum plate is charged 
positively, the positive ions start to travel towards the copper plate. 
If the sign of the platinum plate is reversed before the leading ions 
reach the negative electrode, the positive ions travel back again 
and no current passes through the galvanometer. 

The ions are thus alternately advancing and retreating during 
each successive change of the electric field. 

Let d@ be the smallest distance between the plates such that for a 
P.D., v,, no ions reach the copper plate. The electric force be- 


tween the plates (assumed uniform) is? and the distance d passed 


K.T. where 


A is the velocity of the ion per unit potential gradient ; therefore 


over in the time 7 of a half alternation is given by d= 


In the special case we are considering, the electric field is not 
uniform. <A special series of experiments showed that the poten- 
tial gradient between the plates was very approximately the same 
as that deduced from theory. 


We therefore have 


dv 
dr 
and 
Said’, 
therefore 
dy 
ar 2 


The time ¢¢ taken to pass over a distance dv is given by 


ar di 
ar 


Therefore, if in time 7 of a half alternation, the ions can just 


travel over a distance d, by integration we obtain 
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Re, 
or 


or for a given P.D. between the plates, the time taken for an ion to 
travel between them is 4 that taken if the field were uniform. 

In experiments on the velocity of the negative ions produced by 
ultra-violet light, the alternating E.M.F. of the Cambridge town 
mains was employed. It is, however, much more satisfactory to 
commute a direct E.M.F., as in that case the period of commuta- 
tion is under control and the P.D. is constant during each half al- 
ternation. The commutator employed was a two part one of diam- 
eter 6.3 cms., driven by an electric motor. The insulation gap 
between each segment was .5 cm. so that the P.D. was applied 
during .95 of the time of alternation. 

The speed of rotation of the commutator was determined by 
means of an apparatus devised by Prof. R. B. Owens, of McGill 
University. The armature of a small magneto-machine rotated on 
a continuation of the axis of the commutator. The E.M.F. gener- 
ated, which was measured by a Weston voltmeter, was directly 
proportional to the speed. This apparatus is very advantageous 
for reading speeds accurately at a distance. 

In the practical determination of the velocities, it was found con- 
venient to keep the plates at a fixed distance apart and then de- 
crease the P.D. until the point of no appreciable current through 
the galvanometer for a known speed of the commutator. Theo- 
retically, ifthe ions all have a uniform velocity, the P.D. for which 
no ions reach the plate should be sharply defined. This was ob- 
served to be the case in the measurement of the negative ions pro- 
duced by ultra-violet light, but in the first experiments it was found 
that the P.D. could not be adjusted accurately, but that a slight 
current passed through the galvanometer over a considerable range 
of voltage. 

This result is not surprising when we consider that the ions are 
probably growing in size with time and thus move more slowly on 


their return journey. Some of the ions, therefore, will be unable 
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to return to the platinum plate in the time of a half alternation. If 


this process continues, in the course of a large number of alterna- 
tions, these ions will reach the copper plate and a current will be 
indicated on the galvanometer with a lower voltage than is actually 
necessary to carry over the original ion from the platinum to the 
copper plate. 

This difficulty, however, can be overcome very simply. In series 
with the alternating k.M.F’. + £ a battery of accumulators is placed 
of E.M.F. £ less than &. The P.D. acting for one-half alterna- 
tion is + and for the other half /. If the platinum plate 
is charged positively toa P.D. E— #,, the returning ion moves in 


E— E£, 
ion. By adjustment of the values of / and £&, the value “— £, 


an electric field approximately times that for the outgoing 


can be made as small as we please compared with £ + £, so that 


all the ions which set out during the one-half alternation are swept 
back during the next half. Under these conditions it was found 
that the value of the P.D. necessary to give no current could be ad- 
justed without certain well-defined limits. 

The following is an example of the determination of velocity of 
ions for plates 3 cms. apart, with a current through platinum plate 
of 105 amps. In this case, the deflection of the galvanometer was 
too small to observe with accuracy, so that a one-third microfarad 
condenser, in parallel with the copper plate, was charged up for 30 
seconds and then discharged through the galvanometer. 


P. D. + P. D. — Deflection. Time. 
46 volts 143 volts. 0 30” 
48.6 146 25 30” 
56 153 8 30” 
65 162 18 30” 
173 « 60 30” 


Commutator made 750 revolutions per minute. 

Time of application of P.D. was .0380 second, correcting for 
insulation distance between the segments. 

Taking 46 volts as the minimum positive potential for no current 
and substituting in the formula 


if 
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A =} Vr 
we obtain A = 7.9 cms. per second as the maximum velocity of the 
ions between plates 3 cms. apart. It will be observed from the 
above table that the P.D. sweeping back the ions to the platinum 
plate is between 2 and 3 times as great as the P.D. which moves 
them from the platinum plate. In this way it is assured that all 
the ions which do not reach the copper plate are swept back to 
the platinum surface during the succeeding half alternation. Now 
the steady current for + 43 volts gave a throw in the galvanometer 
of 156 divisions when the condenser was charged for 30 seconds. 
This would correspond to a deflection } x .g5 x 156 = 74 if all the 
ions starting out from the platinum plate during each half alterna- 
tion reached the copper electrode. Assuming the current propor- 
tional to the square of the P.D., it can be readily calculated that 
for the voltages 48.6, 56, 65, 77, the ratio of the number of ions 
starting from the platinum plate which reach the copper plate, is 
.O15, .07, .13, .28, respectively. 

Taking as data that for 77 volts, .28 of the number of ions reach 
the copper plate, a rough average of the velocity of the ions can be 
deduced. For .28 of the time .038 second of a half alternation, 
ions reach the copper plate. The time taken for ions to cross be- 
tween the plates is thus .72 x .038 second, 7. ¢., .027 second. The 
average velocity is thus 5.8 cms. per second. 

In a similar way it was found that the minimum voltage to carry 
over ions for a distance of 2 cms. for 1,000 revolutions per minute 
of the commutator, was 14.5 volts. The maximum velocity for this 
distance, 2 cms., is thus 13 cms. per second. This result can, how- 
ever, be considered only as a rough approximation on account of 
the uncertainty of determining the actual positive potential of differ- 
ent portions of the platinum plate. It obviously varies from one 
end to the other on account of the P.D. sending the heating current 
through it. 

The following method was employed to determine the average 
velocity of the ions between the plates. 

A steady deflection corresponding to I’ volts between the plates 
was observed. The commutator was then slowly rotated and the 
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deflection fell slightly below one-half its value. Theoretically it 
should fall to 4% x .g5 of its value and this was experimentally ob- 
served to be the case. On increasing the speed of rotation, the de- 
flection steadily diminished. Let J, be the deflection for a period 
T of half alternation, and D the deflection for a very slow rotation 
of the commutator. The ratio of the number of ions reaching the 


. D, . 
copper plate is —, of the total starting out from the platinum sur- 


D 
face, and if ¢ be the time taken for the ions to cross over between 
the plates D, 
951 (1 D)= 


The velocity of the ions is then determined by substituting in the 


equation of velocities and we obtain 


D 


Using this method, a large number of determinations of velocities 
were made for distances 2, 3 and 5 cms., for different periods of al- 
ternation and different voltages. The mean of these values is in- 


4 
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cluded in the following table. 


Veloctty in cms. per second for 1 volt per cm. 


Distance. Maximum. Average Calculated. 
2 13 7.8 5.5 
3 7.9 5.8 3.2 
5 — 4.7 2.2 


The maximum velocity for a distance of 5 cms. was not deter- 
mined, as the commutator sparked across before sufficient voltage 
could be employed to make sure of sweeping back the ions on their 
return journey. The current through the platinum plate, in all 
these cases, was kept constant at about 100 ampéres, which corre- 
sponded to the temperature of maximum current at all distances 
except 2 cms. 

It was experimentally observed that for a given distance the ve- 
locity of the ions increased with increase of temperature of the 
platinum plate, although the actual current observed through the 
galvanometer was diminished. 
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The results obtained from the direct measurement of the velocity 
of the ions may be summarized as follows: 

1. The velocity of the positive ions drawn from glowing platinum is 
not a constant for given conditions, butmay vary within wide limits. 

2. The velocities of the ions increase with increase o fthe temper- 
ature of the gas through which they pass. 

3. The velocities calculated from the theoretical formula are too 
small. For 2 cms. distance between the plates the difference 
between the theoretical and experimental values is not large, but the 
difference increases with distance apart of the plates. For 5 cms. the 
calculated velocity is less than one-half of the average velocity. 

The final conclusion we may draw from the results is that the 
velocity of the ions deduced from measure of the limiting current 
does not necessarily represent the average velocity and is much less 
than the maximum value of the velocity. 

During the course of the investigation two papers appeared by 
C. D. Child, in the PuysicaL Review (February and March, 1901). 
In these papers the velocity of the positive and negative ions drawn 
from the flames and the arc have been determined by direct meas- 
urement of the current, using the theory given in the early part of 
the paper. 

His results show clearly that the current varies approximately as 
the square of the voltage, and falls off more rapidly than the in- 
verse cube of the distance. The diminution of the current with 
distance in the case of flames is not, however, so rapid as in the 
case of glowing platinum. 

It will be of interest to compare the values of the velocity of the 
positive ions drawn from flames and from glowing platinum. For 
purposes of comparison we will give the “ calculated’ values of the 


velocities of the positive ions in the two cases : 


lons Drawn from Flame. Ions Drawn from Glowing Platinum. 
Distance from Edge Calculated Velocity Distance Between Calculated Velocity 
of Flame. of Positive lon. Plates. Positive lon. 
l cm. 2.85 cms. per sec 2 5.5 cms. per sec. 
2 cms. y sé 3 3.18 
6“ 2.00 « « 5 220 « « 
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The calculated velocities of the positive ion in the two cases are 
thus not very different for distances of 4 to 7 cms. The velocity of 
the flame ions is, however, considerably smaller for distances of 2 
to 4 cms. 

We have shown, however, that the calculated values given above 
for the platinum ions are far too small on account of the diver- 
gences between experimental and ideal conditions. The method 
employed by Child is a very simple and accurate one of determining 
velocities, provided the ions all travel with the same velocity, 7. ¢., 
are all of the same size. The presence, however, of some slow 
moving carriers between the electrodes may diminish the value of 
the current and the resultant calculated velocity may be much too 
small. Whether such slow moving carriers are produced in the 
case of flames as in the case of glowing platinum cannot be defi- 
nitely answered without a special investigation. The presence of 
even a small number of large nuclei, such as are produced by 
smoke or fumes, tend to make the calculated velocities too small. 
For these reasons the measurements of velocity of the ions close 
to the electric arc must be interpreted with great caution. 


MACDONALD Puysics BUILDING, 
McGiLt UNIveRsITY, July Ist. 
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A SPECTROPHOTOMETRIC COMPARISON OF THE 
RELATIVE INTENSITY OF LIGHT FROM CAR- 
BON AT DIFFERENT TEMPERATURES. 


By ERNEST BLAKER 


OR many years the idea advanced by Draper,' that all solid 
bodies, when heated, begin to give off light at the same tem- 
perature, that the rays first emitted were dull red and as the 
temperature was raised the shorter wave-lengths were added in suc- 
cession, was accepted. E. Lecher* showed this to be not true and 
H. F. Weber’ made an investigation of the subject in which it was 
shown that in general Draper's views would not hold. Weber's 
observations on carbon in the form of a glow lamp show that red 
does not appear first, but that to the unaided eye first appears a 
misty indistinct gray light, which is followed, as the temperature 
rises, by a series of characteristic changes before there is any ap- 
pearance of red ; passing through an ashen gray, then a pale yellow. 
The emission then changes to a bright yellow gray and the next 
addition is of an uncommonly bright red, which is intermittent at 
first, then is steady with no more flickering, being a fiery red. With 
rising temperature the light becomes orange, yellow, yellowish- 
white, then white. In studying the spectrum of the carbon filaments 
in the first stages of incandescence, Weber found the misty gray 
light to appear in that portion of the spectrum that is occupied by 
yellow and light green when the temperature was higher. With 
increasing current in the lamp, the gray band had a middle of yel- 
lowish-gray, shaded off at the ends into dull gray. At the time 
that the red flicker appears to the unaided eye the spectrum shows 
a delicate band of red on one edge and almost immediately a weak 
grayish-green border on the other side. The spectrum broadens 
out both ways with more current and when the center is a bright 
' Draper, Phil. Mag., May, 1847, pp. 345-360. 
2?Lecher, Wied. Ann., No. 32, 1887, p. 256. 
HH. F. Weber, Wied. Ann., No. 32, 1887, pp. 256-270. 
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yellow gray it extends from the middle of the red into the blue. 
Then with a yet further increase of temperature the whole spec- 
trum presents itself. 

Further heating increases the intensity of the light for all wave- 
lengths, but the wave-lengths of higher frequencies, as has been 
shown by Nichols and Franklin,’ show the greatest increase. That 
this rate of change is not continuously greater toward the shorter 
wave-lengths, has been noted by Dr. Nichols,’ and it was the pur- 
pose of the investigation herein described to obtain new data upon 
this subject. 

TEMPERATURE OF GLOWING CARBON. 

The lowest temperature at which the light emitted by carbon 
was studied in this investigation was such that in the longest red 
rays used the color was very dull, and no reading could be made 
for wave-lengths shorter than .470 2. 

The amount of light given off at certain temperatures was for 
some time simply a guess. M. Lucas* has made measurements of 
the temperature of glowing carbon, based on relations between re- 
sistance of the carbon and the current passing through it, and on 
that between resistance and temperature. In the special case treated, 
he found the temperature to be a simple function of the current. 
Lucas also measured the intensity of the light emitted. 

H. F. Weber * has, on theoretical grounds, arrived at a relation 
between the radiation from incandescent carbon and its temperature, 
and has made many experimental determinations of the constants 
of the relation. His results, however, are thought to be too low. 

M. Le Chatelier® has measured the temperature of incandescent 
lamps by a photometric comparison and has given his results in 

Re 
terms of the ratio R? where A, is the resistance of the lamp at a 
temperature 4 and X, is its resistance cold. 

M. P. Janet” has indicated how the temperature of incandescent 

! Nichols & Franklin, Amer. Jour. Sci., 3d series, Vol, 38, 1889, pp. 111-115. 
£Nichols, PHysIcaL REview, Vol. XIII., p. 65, 1go1. 

3M. Felix Lucas, C. R., No. roo, 1885, pp. 454-456. 

4H. F. Weber, PuHys. Rev., Vol. II., 1894, pp. 112-121, 197-210. 


5M. Le Chatelier, Jour. de Phys., 3d Serie, Vol. I., p. 203. 
°M. P. Janet, C. R., No. 123, 1896, pp. 690, 691. 
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carbon may be obtained, based on the mean specific heat of carbon 
as determined by Violle,' and later * has given some determinations 
R 
R 
poses of comparison with the results of Le Chatelier. In three 


for pur- 


on four different lamps, expressing results in terms of 


of the lamps the values obtained are very close to values obtained 
by plotting Le Chatelier’s results and interpolating. The average 

equal to .53 and the interpolation gives a value of 1600° C. for the 


6 
same value of _,, 


K 


temperature of the carbon filament, when there was a difference of 


of these three gives a temperature of 1620° C. for a value of 
Using Le Chatelier’s results as a basis, the 


potential of sixty volts between its terminals, was 1738° C., the 


90 
TEMPERATURE OF INCANDESCENT LAMPS. 
AFTER M. LE CHATELIER 
80 / JOUR. DE PHYS. 3 VOL. 1,1892 P. 203 


LAMP RESISTANCE AT TEWFEF ATURE | 


Ro COLD, NO CURRENT 

+70 
Ro 
R | 


.6¢ 


40 
300° 500° 1000” 
TEMPERATURE (CENT'GRADE ) 


Fig. 1. 


power loss in the lamp being 1.95 watts per candle. Lucas’s re- 

sults, reduced, give a temperature of about 1857° C. for the same 

power development and the mean of several results of Weber give 

a temperature of 1635° (abs.). Abney and Festing * conclude that 

the temperature appears to be nearly a simple function of the re- 
1M. J. Violle, C. R., No. 120, 1895, pp. 868-869. 


2M. P. Janet, C. R., No. 126, 1898, pp. 734-736. 
} Abney and Festing, PA7/. Mag. (5), No. 16, Sept., 1883, p. 225. 
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sistance, with which Le Chatelier’s results applied to this experi- 


ment seem to agree. 


The results of Le Chatelier have been used 


as a basis for temperatures in this work, representing something 


near the truth. 


° 
2000 == 
~ 


TEMPERATURE (C.)- POTENTIAL. (BASED ON LE CHATELJER.) 


| 

| 

» -WATTS PER CANDLE 

LAMPA, 

Ill. MEAN VALUES OF TEMPERATURE (REDUCED TO CENTIGRADE) |—|—}—)—}—} 

DETERMINATIONS AND WATTS PER CANDLE FROM TABLES OF 
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The curve in Fig. 1 shows the temperature of incandescent lamps 


>» 


R 


two curves showing (I.) the relation between potential differences at 


plotted with |,” from Le Chatelier’s determination ; Fig. 2 contains 


lamp terminals and temperature and watts per candle of the test 
lamp used in the measurements to be described in this paper, based 
on Le Chatelier’s values; (II.) the temperature, watts per candle 
curve for the same lamp. <A curve showing the relation between 
temperature and watts per candle as deduced from the mean of 
values taken from the data of several tests by Weber is given in the 
same figure (curve III.). 

Fig. 3 shows the relation between the candle power, current and 
resistance of the test lamp and its temperature ; the scale of tem- 
peratures being that derived from the determinations of Le Chatelier. 

The following table gives the data upon which the curves relat- 
ing to the test lamp were based : 


TABLE I. 


( Zest lamp No. 1.) 


i Re Cc. P. ep. 
24.85 456 54.5 673 954 11.32 
29.90 575 52.0 .642 1075 .33 17.18 52. 
33.4 .668 50.15 ‘619 1168 81 22.31 27.55 
37.0 .763 48.49 .599 1255 1.8 28.24 15.7 
40.0 47.22 1328 2.92 33.84 11.59 
43.5 .943 46.02 568 1398 5.25 40.93 7.8 
47.0 1.055 44.55 550 1484 9.62 49.59 5.16 
50.0 1.16 43.29 535 1559 14.63 58.00 | 3.96 
55.0 1.31 41.89 519 1643 27.00 72.05 2.67 
60.0 1.48 40.54 501 1738 45.60 88.80 1.95 


A. 80.96 vhms at 18° C. 


APPARATUS AND ITS ARRANGEMENT. 

The voltmeter used in this work was a large standard Weston 
instrument with a 150-volt, and a 3-volt scale. It was carefully 
calibrated for the 150-volt scale by a potentiometer method, balancing 
a standard Clark cell around a known resistance and then calculating 
the fall of potential through another known resistance. about which 
the voltmeter was shunted. 


| 
| 
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To measure the current, a standard Weston milli-voltmeter, with 
shunt box, was used. It was calibrated for two shunts; one using 
the one-ampére scale, and the other for the five-ampére scale, by 
placing it in series, first with a standard Hartmann and Braun ohm 
and then with a standard tenth ohm (H. & B.) around which was 
shunted the standard voltmeter, mentioned above. 

In pursuing this investigation a Lummer-Brodhun spectro- 


‘was used. It consists of two collimator tubes at right 


photometer 
angles to each other, the path of light from one source being di- 
rectly through a glass cube, the path of light from the other 
source entering the cube and being reflected at a silvered sur- 
face within the cube in such a manner that it has the same 
length of path in the cube, and passes out of the cube parallel with 
and in the same vertical plane with the first ray, whence they are 
dispersed by a flint glass prism and may be examined in the tel- 
escope in juxtaposition. The instrument was supplied with two 
arms fastened rigidly to the base of the instrument, one being 
placed directly beneath and parallel with the axis of each collimator. 
On these arms two sources of light were placed at equal distances 
of 22.6 cm. from the collimator slits. One source was the standard 
of comparison, a flat acetylene flame from a Naphey burner, in 
front of which was placed a screen in which was a circular opening 
of 2.5 mm. radius, over which was placed a piece of glass from an in- 
candescent lamp globe of the same type of lamp which was used as 
a source of incartdescent carbon, on the other arm. The lamp used 
was one with a short thick gray carbon filament of the “ hair pin”’ 
type, made to be used at 50 volts pressure. A screen was placed 
in front of this lamp cutting off all light from the collimator slit ex- 
cepting that from a straight portion about two centimeters long, 
care being taken that the portion of the filament used be parallel with 
the axis of the slit. The instrument was so set up that this lamp 
was at one end of a thousand part photometer bar, at the other end 
of which was placed a secondary standard 16 c.p. fifty-five-volt lamp, 
which was used throughout below normal pressure the current being 
furnished by storage cells. The voltage was carefully adjusted each 
time the standard was used, to 50 volts. This secondary standard was 


1 Zeit. fiir Inst., No. 12, 1892, pp. 132-139. 
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standardized by comparison with an amyl-acetate lamp. The acety- 
lene flame was used at a constant pressure throughout the work, of 
7.35 cm. of water; the acetylene being produced by using com- 
mercial calcium carbide. The gas, as tested by Mr. Rands, was 
about 98.7 pure. For the lamp being tested, the current was 


furnished by a storage battery. 


OUTLINE OF METHOD. 

The order of experimentation was as follows: The test lamp was 
brought up to the desired brightness and its candle power measured 
by comparison with the standard lamp, using a Bunsen photometer ; 
then with a definite opening of collimator slit the collimator slit of 
the standard acetylene source was varied until, for the rays being 
compared, the intensity was alike for both sources. In nearly all 
cases at least ten readings were taken for each wave-length. Eleven 
wave-lengths were compared, extending almost the whole length of 
the visible spectrum. In some instances whole sets were run over 
again as a check. In order that the test lamp might last throughout 
the experiment, it was used with small voltages and currents first, 
then gradually increased. The lamp was not used for a very long 
time at voltages near the normal and consequently did not 
deteriorate appreciably in candle power until used at sixty volts. 
Then it fell off about seven per cent. in candle power between the 
beginning and end of the run at that voltage. In this run the red 
end of the spectrum was tested first. All readings were corrected 
for slit width from curves based on those obtained by C. V. Capps' 
for a sixty-degree flint glass prism ; both prisms being furnished on 
instruments made by Schmidt and Haensch. 

The intensity of the acetylene source was taken as unity for the 
luminous intensity of the various wave-lengths and from the data 
obtained were drawn, for each wave-length, “ isochromatic curves,”’ 
using in one case, intensities and temperatures (C ) for coordinates 
and in the other case log. of intensities and reciprocals of tempera- 
tures (abs.). (See Figs. 4to 14 inclusive.) The intensity-tempera- 
ture curves would have the same form whether plotted with the 
temperatures, centigrade or absolute, since the difference would be 


' Capps, Astrophysical Journal, Vol. II., January, Igco, pp. 25-35. 
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only a shifting of the origin of temperatures. 
equations for black bodies, 


(Vor. XIII. 


From W. Wien’s ! 


—+ 


| INTENSITY - TEMPERATURE (C.) | | | i 


1300° 1400° 1500° 1600° 
700 


Em m 


it will be seen if it be transformed into a logarithmic equation, 


log E= log C, — 5 log 4— log ¢, 


'. INTENSITY - TEMPERATURE (C.) 


| LOG, INT.-/TEMP.| (ABS.) x 10° 
| | 


| 

1000 11002 1200 © 1300° 1400° 1500° 1600? 1700 ° 

508 600 700 800 


Fig. 13. 


that if logarithms of intensity and reciprocals of absolute tempera- 
ture be plotted as codrdinates for a given value of /, that a straight 
'W. Wien, Wied. Ann., 58, 1896, p. 662, etc. 
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line would be the result ; and that if intensity and temperature were 
plotted an exponential curve would result. Paschen’s' modifica- 


tions of Wien’s equation, 
C2 


E=Cs*e m 
in which the exponent of / is changed to the more general form, 
shows the same general form of curves. Lummer and Pringsheim * 
in testing Wien’s equation, arrive at the conclusion that C, and C, 
have a progressive variation such as to make the curves plotted 


/==-760 INTENSITY - TEMPERATURE (C.) 
LOG. INT.- /TEMP, (ABS.) x 10° 
Fig. 14 


with log /, and reciprocals of absolute temperatures, convex to 
the 1/7 axis. It will be seen from the “ isochromatic curves ’’ that 
for the longer wave-lengths at the temperatures of these experi- 
ments the radiation seems to follow very closely the laws of radia- 
tion for “ black”’ bodies; and that for the higher temperatures used, 
the intensity of all the rays followed the same laws, nearly, but that 
for light of a refrangibility greater than A= .619, the deviation 
from this becomes greater and greater, reaching a maximum at 
about A= .515/ and then decreases again. 

From these curves were obtained the data from which curves 
were drawn using intensities and wave-lengths as coordinates, which 
show the relative increase in intensity of the various wave-lengths 
as the potential, and consequently, the temperature, was increased. 


'F, Paschen, Astro. Phys. Jour., No. 10, June, 1899, p. 40. 
?Lummer & Pringsheim, Verh. Deutsch. Phys. Ges., I., 1, 1900. 
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These curves show first that the intensity is a maximum, as com- 
pared with acetylene, in the longest wave-lengths. With the higher 
voltages the increase in intensity is more rapid toward the shorter 
wave-lengths and the ratio of increase is such that the maximum 


1.2 
| INTENSITY-WAVE LENGTH 
1.1 TEMPERATURES FROM 950°C. TO 1400 C. 
LAMP *1, 

1.0 

8 

6 

5 

4 

3 


Fig. 15. 

shifts toward the violet. With yet higher voltages the longer wave- 
lengths near the limits of the visible spectrum increase more in their 
intensity than near the maximum intensity, and this part of the 
curve also becomes concave to the axis of wave-lengths. In order 
to show the variation of intensity with temperature the curves for 
wave-length and temperature have been plotted on the same sheet. 
(See Figs. 15 and 16.) 

In Table II. are given the data complete for each test. /d refers 
to the difference of potential between the terminals of the test lamp. 
/ refers to the current, IV refers to the watts, and & gives the resist- 
ance corresponding for the lamp. / denotes the pressure of the 
gas burned in the comparison lamp in centimeters of water ; O, and 
O, give the zero reading on the screw heads regulating the width 
of the slit openings, C referring to the test carbon source, and A 
referring to the acetylene comparison source. For opening slits 
the numbers on the screw heads increase so that on reaching the 
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INTENSITY WAVE LENGTH 
TEMPERATURES FROM 1400 C. TO 1750 C. 
LAMP*1, 


4H, 5H, 7H, 
Fig. 16. 
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TaBLe II. 

Pd = 24.85; .456; W=11.36; R= 54.5; P=7.35 cm.; Oc = 95.8; On = 79. 

C Slit Open: mm. 

A = .760 -724 .652 .619 .589 562 -532 -479 «434 
. : 88.00 84.6 83.9 82.2 81.3 80.3 80.3 80.1 79.3 79.9 4 


89.60 85.6 84.1 82.8 816 806 80.3 79.9 80.0 79.8 
87.60 87.4 84.2 82.2 81.0 81.0 80.5 80.0 80.0 79.3 
90.00 | 85.2 84.7 82.5 81.2 80.7 80.6 80.0 79.9 79.7 


88.00 86.1 84.4 82.9 81.2 81.0 80.2 80.3 79.8 79.7 | 
86.60 87.0 84.0 82.3 81.2 81.3 80.6 80.1 80.1 79.6 
85.4 86.6 
88.1 86.9 
89.0 87.4 
87.2 87.2 
87.95 86.4 84.22 82.48 81.25 80.82 80.42 80.07 79.85 79.67 
A! open 
8.95 7.40 5.22 3.48 2.25 1.82 1.42 107 
| Int. 
Log. /. 


-2.7782 -2.7709 -2.6721 -2.532 -2.301 -2.1761 -2.1461 -3.9542 -3.9031 -3.8451, 


P4=79.9; 1=.575; W=—17.18; R=—52.0; cm.; =7. 
‘ C Slit Open 1 mm. 
A = .760 -688 -652 -589 .562 -532 -470 


107.0 104.8 101.8 89.8 89.0 83.8 83.0 82.2 81.0 | 80.0 
108.3 105.6 106.0 97.6 87.8 85.5 83.4 81.5 80.7 


103.8 106.1 99.8 89.8 85.2 84.0 83.0 81.7 80.5 | 80.0 
* 106.3 105.0 101.6 91.7 88.0 85.2 83.1 81.0 80.6 | 80.1 
; 106.1 105.2 96.8 90.8 85.1 85.0 82.4 81.8 80.5 79.9 
7 108.0 107.8 104.0 91.8 86.9 84.0 82.8 81.6 80.9 79.8 
106.7 105.0 
104.0 107.7 
104.0 105.5 
7 102.6 106.6 
: | 105.68 105.93 101.67 90.92 87.0 84.58| 82.95 81.63 80.7 79.97 
A open | 
26.68 26.93 22.67 11.92 8.0 5.58 3.95 2.63 | 1.7 | .97 
Int. 


.219 dl .053 .038 023 015) .009 
Log. /. 
1.2878 — 1.3414 — 1.3032 — 1.0414 —2.88 —2.72| —2.579 —2.352 —2.17 |—3.9542 


'«*C slit open’’ refers to the collimator slit opening of test lamp. ‘‘ 4 open”? refers 


to the number of scale divisions of opening of the standard. 100 divisions = I turn 


) I mm. 


| 
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Pd = 33.4; 68; W=—22.31; P=—7.35 cm.; Oc =95.8; — 79.0. 
C Slit Open .5 mm. C Slit Open 1 mm. 
A = .760 -724 -688 .652 619 -589 .562 -532 -515 +470 434 
¢ 100.0 104.2 118.8 106.1 96.0 90.0 88.2 86.9 84.6 82.4 81.0 
j 96.5 102.6 117.0 105.0 96.3 (92.5 88.3 85.9 85.0 82.3 81.0 
100.0 103.1 115.3 104.3 96.3 90.0 87.2 86.0 84.3 82.6 81.0 
100.6 100.1 117.2 105.3 96.0 91.7 87.5 87.0 84.8 82.2 80.8 
97.0 103.9 117.6 103.8 96.6 | 93.1 87.3 85.4 85.2 | 82.0 81.0 
¥ 96.0 99.3 115.2 106.0 95.8 91.8 87.6 86.8 84.3 81.9 81.2 
96.3 100.3 117.4 105.1 95.6 91.0 87.0 
96.9 101.0 118.1 106.0 96.1 92.0 88.0 
94.2 101.3 117.5 104.8 97.1 89.8 88.2 
97.0 100.5 118.0 104.7 97.2 |92.2 87.3 
97.45 101.68 117.21 105.11 96.3 91.41 87.66 86.32 84.7 82.23 81.0 
A open 
18.45 22.68 38.21 26.11 17.3 12.41 8.66 7.32 5.7 3.23 2.0 
Int, 
.328 .428 .343 .247 .12 .082 .065 .051 .032  .017 
Log. / 
-1.516 1,631| —1.535| —1.392 1.22 |—1.07 2.91 \-2.81 |-2.71 2.51 —2.218 
Pd= 37.0; W= 28.24; K— 48.49; P—7.35 cm.; O; 95.8; O,=—79.0. 
C Slit Open .5 mm. C Slit Open 1 mm. 
A =.760 -724 .688 -652 .619 .589 -532 -470 -434 
126.8 126.0 123.7 114.8 102.4 100.2 95.8 92.9 101.6 90.6 89.2 
124.5 120.0 124.1 112.2 102.5 98.1 97.0 91.3 102.0 91.8 91.9 
119.1 126.0 125.6 112.0 105.0 100.0 96.0 91.8 100.9 90.0 87.8 
122.0 123.7 126.0 110.0 104.7 99.0 96.4 92.0 101.9 94.0 90.0 
122.3 118.0 124.6 115.0 102.0 98.1 94.8 91.9 101.3 91.8 91.0 
119.0 122.5 120.4 111.2 103.0 98.9 95.6 91.4 102.1 92.6 89.5 
116.0 127.0 123.1 113.1 102.1 100.3 96.0 92.4 101.5 91.2 89.8 
119.0 122.6 120.8 116.7 103.2 97.0 96.0 93.8 102.2 91.5 89.0 
115.8 124.0 124.7 113.2 101.2 99.0 95.7 93.1 100.0 93.6 90.6 
Li7.2 123.0 119.8 113.3 101.8 97.2 95.2 91.9 101.7 92.0 89.0 
120.17 123.18 123.28 113.15 102.79 98.78 95.85 92.25 101.52 91.91 89.78 
open 
41.17 44.18 44.28 34.15 23.79 19.78 16.85 13.25 22.52 12.91 10.78 
Int. 
.802 .874 .866 .661 .461 .386 .328 .203 .119 .095 
Log. / 
—1.904 1.942 1.938 1.820 1.664 1.587 1.51 1.40 | —1.308 | —1.75 2.975 


360 


A = .760 


109.3 
109 3 
106.9 
109.0 
106.0 
109.2 
108.5 
108.6 
109.0 | 
105.0 | 


107.98 | 
A open | 


A =.760 
119.7 
118.1 
124.0 
123.4 
123.8 
117.2 
121.1 
118.0 
117.8 
121.8 


120.49 

open 

41.49 
Int. = | 
1.77 | 
Log. f=! 
.248 | 


- .845; 


ERNEST BLAKER. 


W= 33.72: R 


C Slit Open .25 mm. 


+724 .688 
107.5 105.8 
108.0 109.0 
109.0 106.0 
106.5 107.8 
107.0 106.8 
108.0 111.4 
110.0 104.8 
108.8 106.1 
110.0 109.8 
109.9 106.0 
108.52 107.35 

29.52 | 28.35 

1.193 1.138 

.077 .056 

43.4; / = .943 ; 

724 688 
127.0 | 129.8 
129.6 126.9 
125.5 126.1 
125.6 131.1 
129.0 125.7 
130.5 124.5 
125.6 128.0 
128.0 127.4 
124.5 124.5 
125.0 126.0 
127.03 127.0 

48.03 48.0 

2.01 1.96 

.3032, .295 


-652 -619 
107.5 100.0 
106.5 104.0 
106.0 103.2 
107.6 103.2 
105.0 103.1 
104.0 104.4 
105.6 101.6 
104.1 100.8 
105.7 102.8 
103.2 104.2 
105.53 102.73 

26.53 23.78 

1.07 .945 
.029. —1.975 
W 40.93 ; 


47.22; 


-589 
117.2 
117.6 
117.4 
113.8 
113.9 
118.2 
117.0 
119.5 
114.2 
119.1 


116.49 


37.49 


.756 


1.879 


46.2 ; 


C Slit Open .245 mm. 


-652 


123.8 
129.0 
125.6 
125.8 
124.7 
121.1 
128.1 
125.9 
125.2 
125.6 


125.48 
46.48 
1.99 


.299 


.619 


120.0 
121.3 
121.0 
119.0 
122.8 
117.2 
117.5 
118.0 
119.6 
121.0 


119.74 


40.74 


1.65 


.219 


-589 
114.0 
118.5 
113.0 
113.0 
121.0 
116.0 
115.9 
115.0 
118.5 
114.5 


115.94 


36.94 


1.49 


.173 


P =7.35cm.; = 95.8; 


C Slit Open .5 mm. 


XIII. 


79.0. 


C Slit Open 1 mm. 


+532 “515 +470 -434 
107.3 | 105.6 100.6 108.0 100.0 
106.4 | 103.2 100.7 107.4 98.2 
105.3 | 107.6 98.7 110.0 102.7 
107.4 102.1 100.0 112.5 96.5 
108.0 101.8 101.6 113.0 96.5 
109.8 103.8 101.5 111.0 96.8 
108.8 103.8 100.2 108.3 99.3 
106.9.| 103.5 98.5 109.8 101.8 
106.4 104.8 100.0 108.1 98.8 
107.9 | 104.6 103.0 109.1 98.2 
107.42 103.78 100.48 109.72 98.88 
28.42 24.78 21.48 30.72 19.88 
.56 .482 .413 .286 .182 
1.74 1.683 1.616 1.456 —1.259 
-5™mm. Imm. 
-562 -532 -470 -434 
111.8 105.3 101.7 106.6 123.7 
110.6 103.0 100.1 107.6 127.7 
109.5 104.4 102.0 108.5 (121.2 
109.3 102.8 100.5 108.0 1375 
111.0 106.5 101.0 108.6 130.0 
132.8 | 103.2 100.8 105.7 132.0 
113.0 105.5 102.5 106.7 127.0 
110.8 105.3 102.0 108.3 128.0 
109.8 107.8 99.1 108.5 130.5 
111.0 104.6 98.8 106.4 122.5 
110.96 104.84 101.65 107.31) 126.0 
31.96 25.84 22.65 28.31! 47.0 
1.28 1.03 91 .459 


| 
| 28.97 
1.161 
Log. / 
-065 
q 
Pad 
— 
= 
q 


No. 6.] 


RADIATION OF CARBON. 


C Slit Open .2 mm. 


-688 


135.0 
136.0 
137.1 
137.2 
137.8 
136.0 
138.5 
138.4 
135.5 
136.3 


136.78 


58.58 


3.04 


.483 


1.155; 


-688 


156.0 
159.7 
156.8 
161.0 
161.8 
158.6 
158.5 
156.8 
159.4 


157.7 © 


158.63 


80.43 


4.33 


A = .760 
134.0 135.6 
133.2 137.2 
136.4 135.3 
136.2 136.0 
134.4 136.6 
134.0 136.2 
133.9 134.6 
133.1 130.8 
135.5 134.6 
136.3 137.2 
134.7 135.41 | 
open 
56.4 57.21 
Int. 
3.20 3.07 
Log. / 
.505 .487 
Fa = J: 
C slit open .2 mm. 
A -760 -724 
157.8 157.8 
150.5 157.2 
152.0 156.8 
161.8 159.8 
157.4 157.0 
153.4 159.0 
155.0 156.3 
154.2 158.0 
154.8 159.0 
153.0 155.7 
154.99 157.66 
open 
76.79 79.46 
Int. 
4.67 4.50 
Log. J= 
.653 


-652 -619 
144.6 141.0 
142.8 144.5 
140.0 137.0 
140.0 140.1 
142.7 138.5 
138.0 141.0 
144.0 144.2 
142.2 137.8 
141.9 | 138.5 
140.2 = 142.0 
141.64 140.46 
63.44 62.26 

3.295 3.265 

.514 

W = $7.93; 

.652 .619 
123.6 122.8 
119.5 124.0 
121.8 124.5 
120.2 120.9 
120.0 120.5 
123.3 125.0 
122.1 120.2 
122.6 121.2 
122.1 123.0 
123.0 123.6 
121.82 122.57 
43.62 44.37 

4.46 4.64 

.649 .665 


361 


C Slit Open .25 mm. 


Pd = 47.0; 7= 1.055; W= 49.59; R= 44.55; P=7.35 cm.; =95.8; = 78.2. 


+589 -532 -470 -434 
131.0 119.6 121.0 116.7 107.1 99.7 
127.9 121.7 | 121.0 118.0 110.1 101.1 
131.8 122.0 121.4 118.2 112.2 102.7 
135.2 118.8 124.0 119.4 111.1 102.2 
130.0 122.1 122.2 119.5 107.2 101.0 
131.5 118.6 125.2 116.0 111.0 104.5 
133.0 119.7. 123.2 119.0 111.0 99.5 
129.0 119.2 123.0 117.8 110.2 . 101.0 
133.8 119.3. 123.0 119.0 | 112.0 98.5 
130.3 122.2 | 122.2 119.2 109.0 100.5 
131.35 120.32 122.62 118.28 110.09 , 101.07 

53.15 42.12 44.42 40.08 31.89 22.87 

2.77 2.16 1.79 1.64 1.29 91 

111) —1.957 
43.29; P=7.35 cm.; Oc = 95.8; O, = 78.2. 
C slit open .1omm. 25 mm 

+589 -562 -532 47000434 
118.0 109.0 107.0 107.0 102.3 111.2 
120.5 109.9 107.5 105.2 98.0 115.8 
116.1 109.1 106.9 106.5 103.0 115.0 
120.6 111.2 108.0 104.6 100.0 113.8 
117.0 112.7. 106.9 105.9 99.5 109.0 
119.1 111.5 107.9 105.3 102.6 118.6 
122.0 110.3 107.2 105.0 101.0 112.0 
115.0 112.8 109.0 105.0 100.0 116.0 
115.2 110.0 109.3 105.9 99.9 111.0 
116.7 111.8 108.0 104.4 99.0 108.0 
118.02 110.83 107.77 105.48 100.53 113.04 

39.82 32.63 29.57 27.28 | 22.33 | 34.84 

4.18 3.34 2.98 2.78 2.22 1.42 

.621 .524 .474 .444 346 .153 


: 


362 ERNEST BLAKER. [ VoL. XIII, 


Pd— 55.0; /=1.31; W=72.05; R= 41.98; P=7.35 cm.; Ov = 95.8; —78.2 


C Slit Open .1 mm. .075 mm. C Slit Open .1 mm. .075mm C Slit Open .1 mm. 

A = .760 +724 .688 -652 -619 -589 . 562 -532 -515 .470 -434 

132.3 136.0 122.8 152.4 155.0 154.8 129.2 134.5 133.3 123.1 118.5 o te 
133.8 136.0 127.5 148.2 152.5 150.1 128.3 135.0 129.1 118.9 114.8 


: 131.0 137.2 122.4 149.5 1568 146.8 126.7 131.8 132.0 120.0 116.5 
i 134.8 137.1 122.8 151.5 151.2 151.0 128.0 131.0 | 134.2 116.0 116.2 ‘ 
ae 131.4 132.6 1268 146.2 154.8 146.0 123.0 135.8 127.0 120.6 114.8 

132.6 134.9 124.5 153.8 155.2 148.8 123.8 132.2 130.5 116.9 113.0 
129.4 132.0 127.8 152.2 152.1 149.7. 123.6 135.0 138.0 120.3 116.5 
129.5 133.8 126.0 145.1 151.8 150.0 124.2 131.4 . 133.0 124.6 115.1 
133.3. 134.2 125.2 147.5 154.8 149.1 129.0 132.6 129.8 124.0 118.8 
133.0 137.2 124.1 149.2 152.9 146.3 126.3 136.4 133.1 123.2 = 116.7 


132.11 135.1 124.99 149.56 153.71 149.26 126.21 133.57 131.0 120.76 116.09 
A open 

53.91 56.9 46.89 71.36 75.51 71.06 48.11 55.37 52.8 42.56 37.89 
Int. 

6.24 6.12 6.42 7.48 8.06 7.68 6.72 5.73 5.53 4.36 4.05 
Log. / 


.787 .874 -906 .827 .743 .639 -607 


C Slit Open .o8 mm. 
- .589 562 | -470 434 
A=.760 +724 -688 -652 | 
146.0 158.1 155.0 170.6 173.6 163.5 158.8 156.6 | 144.0 137.5 133.2 
145.1 155.6 156.2 167.8 172.5 161.4 160.8 152.0 | 145.2 141.0 135.2 
148.6 152.2 156.4 164.3 175.0 167.0 160.4 155.9 146.9 142.2 134.4 
148.8 158.2 154.0 172.8 175.2 161.2 160.4 149.4 144.1 140.2 134.8 
151.9 156.6 163.2 171.5 166.2 163.2 158.6 154.8 145.1 140.0 133.6 
152.0 156.0 161.2 165.3 170.6 164.1 159.4 149.4 | 147.2 140.6 132.4 
149.6 154.4 162.2 172.9 161.0 162.8 157.5 157.1 | 140.6 142.0 135.7 
152.5 153.1 155.6 170.5 161.5 168.0 158.6 150.3 144.2 140.2 130.0 
147.8 156.7 155.1 169.4 180.9 167.2 160.0 152.4 | 148.0 137.0 134.4 
146.3 152.8 161.8 166.7 168.0 160.0 161.1 152.6 146.1 139.1 132.0 
148.86 155.37 158.07 169.18 170.45 163.84 159.56| 152.45 145.14 139.98 133.57 ’ 
A open F 
70.86 77.37 80.07 91.18 92.45 85.84 81.56 | 
Int. = | 
11.42 11.18 10.83 12.25 12.38 12.26 10.90 | 10.00 9.25 8.40 7.86 ~f 
Log. / 
1.050 =1.048 1.035 1.088 1.094 1.089 1.037! 1.000 .966 .924 .895 


74.45 67.14 61.98 55.57 


4 
f | 
= 


vt 
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the zero of the scale 1 was prefixed to the reading for the sake of 
clearness, there being 100 divisions on the screw head and one com- 
plete turn equaling an increase in opening of the slit of one milli- 
meter. ‘4d open” gives the number of divisions of the comparison 


INTENSITY CURVES 
LAMP” 2. 


INTENSITY 


Fig. 17. 


slit open to produce equality of illumination and the row marked 
“TInt” gives the ratio of the intensity of the carbon light radiation 
to the intensity of the acetylene for the given wave-length. 

Gray and black carbon show marked differences in their efficiency, 
as has been shown by M. Evans' and confirmed by J. T. Bottomley ? 
and J. C. Shedd,* and later by Dr. Nichols‘ in his study of the 
spectrum of the glow lamp. It was desired to find whether this 
change in the rate of change of luminosity was a characteristic of 
gray carbon alone, or whether it also was apparent in black carbon. 
A lamp was accordingly taken the filament of which had been care- 
fully treated by coating with lampblack.* This lamp showed a 

1Mr. M. Evans, Proc. Royal Soc., Vol. XL., Feb. 18, 1886, pp. 207-214 
2]. T. Bottomley, Phil. Trans., 1887, p. 429. 

3]. C. Shedd, Thesis, Cornell University Library, 1892. 

E. L. Nichols, Puys. Rev., Vol. 1895, pp. 260-276. 

5Same, p. 264. 


Pee 
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a2 
| 
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364 ERNEST BLAKER. [ Vou. XIII. 


much lower efficiency than lamp No. 1 with the gray filament. It 
will be noticed from the data given in Table III. that as the voltage 
increased the resistance also increased and that, therefore, it is im- 
possible to apply Le Chatelier’s results to determine the rise in 


temperature. 
III. 
i C.P. R. 
50 1.51 75.5 4.58 16.5 33.11 
55 1.65 90.75 8.68 10.45 33.33 
60 1.78 106.8 14.30 7.46 33.71 
70 2.04 142.8 31.24 4.57 34.31 


As will be seen from Table IV. and Fig. 17 the same character- 
istic form of curve, with maximum shifting to the small wave- 
lengths as the voltage rose, was likewise found in the case of this 
lamp. 

As a final check on the results obtained using the Lummer- 
Brodhun spectrophotometer, a Nichols spectrophotometer was used. 
This instrument is made up of a horizontal collimator at one end of 
which are placed two totally reflecting prisms, the sources being 
studied being placed on a line perpendicular to the axis of the tube. 
The amount of incident light is regulated by means of two ad- 
justable horizontal slits which are governed by micrometer screws. 


IV. 


Pi = 50:00; 1—=1.51; W— 75.5; 33.11; cm.; Oc O, — 780. 


Imm C Slit Open .5 mm. 

-760 724 -688 -652 .619 -589 .562 -532 
265.0 | 117.1 111.1 106.4 103.4 98.8 95.0 92.0 89.3 85.8 | 
163.1 117.5 114.6 108.5 103.3 100.3 94.0 90.7 89.1 85.1 
160.0 (118.2 111.2 108.2 102.2 99.2 93.2 91.6 88.1 84.1 
161.6 118.0 113.2 109.0 104.9 98.8 94.7 91.0 89.2 85.0 
164.1 117.8 111.3 108.9 103.2 100.0 93.0 91.1 89.0 85.0 
160.0 119.0 112.0 108.2 104.1 99.9 94.5 90.8 88.8 84.2 
162.3 117.93 112.24 108.2 103.52 99.5 94.07. 91.2 88.92 84.88 
A open 

84.3 39.93 34.24 30.2 25.32 | 21.5 16.07 13.2 10.92 6.88 
tIn.— } 

-76 .78 .655 .582 .499 .421 312 .251 .201 .123 


4 
| 
: 
-434 
» 

a 


No. 


Pa 


C Slit open .5 mm.) 


A = .760 


143.3 
139.1 
144.4 
143.0 
141.5 
143.5 


142.47 
A open 
64.47 
Int. 
1.35 


125.6 
122.4 
122.0 
122.0 
125.0 
124.1 
121.6 
124.7 
122.1 
124.2 
123.37 

A open 

45.3 
1.96 


6.] 


55.0; / 


-724 


136.8 
134.6 
140.3 
138.6 
141.0 
143.0 
138.2 
141.0 
144.5 
140.0 


139.8 
61.8 


1.27 


-724 
132.3 
129.0 
126.8 
329.0 
130.9 
125.2 
126.5 
128.3 
126.0 


128.53 
50.53 


2.13 


1.65; WV 


1.78; W 


-688 


129.5 
131.6 
129.0 
129.0 
132.8 
127.4 
130.0 
129.0 
130.0 
131.2 


129.95 


51.95 


2.14 


RADIATION OF CARBON. 


106.8; R= 33.71; P=7.35 cm.; O, 


$0.75; 33.33; 
-652 -619 .580 
108.0 100.0 97.6 
109.1 100.2 97.2 
103.6 100.3 96.8 
106.2 101.0 97.2 
107.7. 102.0 96.0 
106.3 101.5 98.5 
106.2 102.1 98.2 
102.8 100.8 98.3 
103.2 99.8 97.1 
106.5 101.3 97.8 
105.96 100.9 97.47 
27.96 22.9 19.47 

1.12 91 
C Slit Open .25 mm. 
.652 -619 589 
129.8 120.8 114.6 
131.0 125.0 115.3 
129.5 122.0 114.2 
127.5 121.4 116.0 
130.0 125.0 114.2 
129.7 122.8 114.0 
129.58 122.63 114.72 
51.58 44.63 36.72 
2.12 1.82 1.49 


C Slit Open .25 mm. 


7.35 cm.; O; 


.562 


93.6 
94.0 
94.0 
95.4 
95.4 
92.2 
96.0 
94.0 
95.8 
95.2 


94.56 


16.56 


.66 


104.8 
107.2 
105.9 
104.9 
105.8 
109.0 


28.27 


91.1 
92.0 
90.6 
91.3 
92.6 
91.9 
91.0 
93.0 
92.8 
91.0 


91.73 


13.73 


-532 
102.6 
101.9 
102.4 
102.3 
101.8 
101.2 


106.27 102.03 


24.03 


-96 


95.8; 


S15 
95.8 
97.8 
98.3 
97.0 
97.7 
97.9 


97.42 


19.42 


.78 


.470 
91.3 
93.4 
91.8 
92.2 
93.7 
91.8 


92.37 


14.37 


111.35 


33.35 


.32 


365 
95.8; 0, — 78.0. 
Imm. 
106.6 89.8 87.2 97.1 
111.5 90.0 87.6 96.0 
111.8 90.0 87.0 98.7 
108.5 88.4 86.2 95.2 
107.0 89.3 87.8 94.8 
105.0 89.4 86.2 97.2 
105.7 89.1 86.0 96.8 
108.6 89.7 85.8 96.2 
108.8 89.1 86.0 95.8 
107.9 89.4 86.1 98.0 
30.14 8.59 18.58 
1.22 = 53 45 35 .17 
Pd 60.0; /— — 78.0. 
1 mm, 
A—=.760 -434 
114.0 
109.0 
114.7 
112.3 
110.3 
107.8 
| | | = = 


366 ERNEST BLAKER. [Vou XIII. 
Pd =70.0; /=2.04; W= 142.8; P=7.35 cm.; Oc 95.8; 04 


C Slit Open .1 mm. -+5 mm. 


A .760 724 -688 -652 -619 -589 -562 -532 -470 -434 


108.1 110.8 110.0 113.1 113.2 108.1 105.7 102.8 102.0 97.1 145.2 
111.5 112.3 114.2 113.3 115.0 107.8 103.6 102.4 100.3 96.0 151.2 
111.0 112.5 113.8 115.5 111.0 110.0 106.2 104.0 101.5 98.0 140.0 
108.8 110.0 113.7) 1169 114.3 105.4 107.2 100.7 99.1 95.6 144.8 
111.0 112.2 112.2 113.7) 113.3 106.5 105.8 104.2 102.4 97.5 149.5 
110.7 | 109.9 111.3 | 116.2 113.3 108.8 | 105.7 | 104.8 | 100.2 98.0 143.7 


110.18 111.28 112.53 114.76 113.36 107.43 | 105.7. 103.15 100.92 97.03 145.73 
A open 
32.18 33.28 34.53 36.76 35.35 29.43 | 27.07 25.15 22.92 19.03 67.73 
Int. = 

3.49 3.42 3.45 3.74 3.68 3.07 2.81 2.54 2.31 1.92 1.39 


The two beams of light impinge upon a metal grating placed with 

the lines horizontal, so that the spectrum produced is vertical. 

The examining telescope swings in a vertical plane, as does also 

the grating, for purposes of adjustment. The spectrum pro- 

f duced by this instrument is a distinct normal one of about ten 
degrees dispersion between the limits of the visible spectrum. 
=a The character of the spectrum afforded by this instrument and the 
conditions of working with it differ so widely from those of the 

Lummer-Brodhun spectrophotometer as to offer an admirable con- 

trol of the general correctness of the measurements made with the 

latter. Runs upon the lamp with the gray filament were made at 

fifty volts and at sixty-two and one-half volts. The curves obtained 

show the same general form with the shifting of the maximum 

toward the shorter wave-lengths, thus confirming the previous work 

and showing that the effect was a real one. No particular stress 

is laid on the readings for .76 y or for .434 # as to their real value 


but they do show the general trend of the curves. The data given 
in Table V. are for this test. 

Table VI. gives the percentage, taken from the curves, for each 
} wave-length, of the intensity at a given voltage over the value of 
the intensity of the same wave-length at the next lower voltage, 


4 for the lamp with the gray filament. 
The results of the experiments here described are in accordance 


with the phenomenon observed by Dr. Nichols in his spectro-pho- 


| 

> 

af 
) 


-724 -688 -652 .619 


40.4 43.8 43.0 52.5 59.2 
46.3 44.8 42.5 53.6 55.2 
46.4 42.2 50.8 57.5 
44.4 41.3 51.8 55.8 
(43.4 41.2 51.9 55.7 


43.35 44.56 42.4 52.12 56.68 
C open 

39.75 40.96 38.46 48.52 53.08 
Int. 
2.52 


2.60 2.06 1.88 


2.44 


No. 6.] RADIATION 


OF CARBON. 


TABLE V. 
50.0; /=1.15; W=57.5; R= 43.45; P 


A Open 1 Turn. 


-589 


66.4 
60.5 . 
61.6 
62.6 
64.2 


63.06 65.36 


1.71 


.562 
61.5 
67.8 
63.8 
66.6 
67.1 


59.46 61.76 


1.62 


2 Turns. 


A = .760 +724 .688 -652 .619 


33.0 21.2 22.1 20.9 20.8 
31.5 20.8 23.4 20.8 21.1 
31.4 21.4 21.9 21.2 20.9 
31.9 20.4 20.7 20.8 21.1 
31.4 21.4 21.8 21.2 21.8 


31.84 20.96 21.98 20.98 21.14 
C open 

28.44 17.56 18.58 17.58 17.74 
Int. 
7.03 


5.64 


40.5; P 


-589 


-7.35 cm.; O¢ 


A Open tr Turn. 


.562 


24.6 24.8 
22.6 26.1 
23.1 | 25.5 
23.8 | 25.3 
24.8 24.5 
23.78 25.24 
20.38 22.84 


4.91 


TABLE VI. 


Wave-Lengths. 


4.38 


7.35 cm.; 


.532 


67.2 
66.4 
70.5 
69.6 
69.5 


68.64 


65.04 


-532 
27.7 
29.8 
25.6 
25.5 
26.7 


27.06 


23.66 


4.23 


-515 
27.3 
29.5 
29.2 
27.3 
29.1 


28.48 


25.08 


4.00 


-470 


367 
* mm | | | 
68.5 
73.0 
72.5 
3 71.1 | 
68.0 
70.62 
67.02 
33.1 63.0 
31.3 66.2 
33.5 66.8 
29.3 63.5 
29.5 64.3 
31.34 64.76 
27.94 
Volts. 
+434 +470 +515 +532 | .562 -589 -619 -652 -688 -774 760 
24.85 — — — — — — — 
29.9 — 167 244 267 362 | 353 | 343 «358 | 436 369 | 285 
33.4 a 372 367 345 287 270 | 251 225 | 199 | 196 | 198 
37.0 274 260 283 287 282 | 263 | 235 | 210 | 178 | 176 | 198 
40.0 241 227 213 212 209 207 202 186 161 159, 170 
43.5 212 207 182 174 174 181 182 169 156 156 158 
- 47.0 218 214 208 204 196 192 182 163 158 166 169 
50.0 188 184 171 170 169 164 165 155 142 150 153 
55.0 215 194 186 182 176 | 172 | 159 157. 148 | 148 152 
60.0 195 19 181177 156165169 148160 
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tometric observations on incandescent rods, cited above. The ob- 
servations at the higher temperatures at which it was possible to 
work, with some fair degree approximating that of the acetylene 
flame, show that the distribution of energy in the spectra of acety- 
lene and of the carbon filaments at the same temperature is not the 
same, as has been thought to be the case. The isotherms for the 
gray carbon rod, figure 22 in the paper of Dr. Nichols, begin to 
show the same characteristics that are brought out in the present 
work at the higher temperatures, namely, that after passing a max- 
imum, compared to acetylene, in the orange a minimum is reached 
in the red, the comparative intensity again increasing toward the 
infra red. By a reference to the intensity-temperature curves it 
will be seen that crossing of the isochroms predicted at higher 
temperatures, in Dr. Nichols’s paper has really taken place, the 
curve for wave-length .562 ~ cutting those of .688 mand .724 yp, 
while the curve for wave-length .58g/ cuts every one of wave- 
length greater than .562 excepting that for wave-length .619 1 
which it would likely intersect at a temperature not much higher. 

It is also seen by a comparison of the isotherms for gray carbon 
and for the black filament that the same characteristics are brought 
out and this phenomenon of selective radiation is one not due to 
the nature of the carbon surface. 

I desire, in concluding, to express my gratitude to Dr. Nichols, 
at whose suggestion this investigation was taken up, for many valu- 
able suggestions and his inspiring interest in the work. 


PHYSICAL LABORATORY, 
CORNELL UNIVERSITY. 


a 
° 
= 
« 


No, 6.] ELECTROME TE RS. 369 


NOTE ON ELECTROMETERS. 
By WILLIAM DUANP. 


[* most symmetrical electrometers, such as the quadrant, the 

needle or movable conductor is made of different material from 
that of the fixed conductors. It is important in such cases to deter- 
mine the effect, if there is one, of the electromotive force existing 
between two metals in contact with each other, or more strictly 
speaking of the difference in potential between two points in the air 
just outside the two metals in contact respectively. In most, and so 
far as the author is aware in all of the discussions and explanations of 
such electrometers these electromotive forces are neglected, whereas 
he has found both theoretically and experimentally that the Volta 
electromotive force under certain very common experimental con- 
ditions may introduce a large error into the measurement of a 
potential difference. Further he has found that, if the needle is 
suspended on a metal wire through which it is charged, and if the 
instrument is used idiostatically, the quadrant electrometer can be 
used to measure the Volta electromotive force with great accuracy. 

To fix our ideas in regard to the Volta electromotive force sup- 
pose that lV’ is the potential of a conductor A and |) that of an- 
other conductor 2. |”, and I’, are not in general the potentials in 
the air just outside the conductors, for owing to impressed electro- 
motive forces in the transition layer on the surface of a conductor 
its potential is kept above or below that of the air in its immediate 
neighborhood. 

Let ¢, and ¢, be the rises of potential (to be taken, negative, if 
the potential falls) in passing from the conductors 4 and # re- 
spectively to the air just outside them. Then the potentials just 
outside the transition layers on the surfaces of 4A and PF are 
Vi+¢, and ,+¢, respectively. Suppose that the two con- 
ductors are placed in contact with each other. There is an im- 
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pressed electromotive force in their surface of contact, which pro- 
duces a difference of potential between them unless they are of the 
same material or at their neutral temperature. Call this difference 
of potential ¢,, to be taken positive if 2 is at a higher potential than 
A. Imagine a closed line drawn partly in the two conductors 
and partly in the air outside the two conductors. In following 
along this line from a point just outside of A through 4 then B, 
and then through the air back to the starting point, the potential 
falls by the amount ¢, in passing the transition layer of A, rises 
by the amount ¢,, in passing from A to #, and again rises by the 
amount ¢, in passing from / back to the air just outside it. Hence 
the potential must fall by the amount ¢, — ¢, + ¢,, along the por- 
tion of the line drawn in the air from AB to A. This fall of poten- 
tial is the Volta difference of potential. 

At present we will make no assumption as to the relative mag- 
nitude of ¢, ¢,, and ¢,,, 7. ¢., as to whether the seat of the Volta 
effect is the air surfaces of the conductors or their mutual contact 
surface. It is sufficient to state that we know from experiment that 
the potential difference ¢, — ¢, + ¢,, is in general a large fraction 
of a volt, and may under certain circumstances be larger than one 
volt. 

To return to the quadrant electrometer, suppose that V, and I, 
are the potentials of the two pairs of quadrants respectively, and 
that V, is the potential of the needle. If the instrument is adjusted 
so as to be perfectly symmetrical the formula usually quoted con- 
necting the deflection @ with the potentials is 


KV, + (1) 


where & is a constant for small deflections. In deducing this 
formula any electromotive forces and differences of potential that 
may exist at the surfaces of the various conductors are neglected. 

It is evident, however, that the potential, and therefore the elec- 
tric force at points inside the space enclosed by the quadrants and 
outside the needle, depends upon the potentials at points in the air 
just outside of the various conductors and not on the potentials of 
the conductors themselves. Hence the mechanical forces of at- 
traction and repulsion will depend upon the values of V, + ¢,, 
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and V+ ¢, and not, of I), and 


n 


alone, and the 
former should be substituted for the latter in formula (1). Hence 


+¢,-1%44+ (2) 


If the electrometer is used heterostatically and the needle is 
charged to so high a potential that any changes in V, and I, that 
may occur are negligible in comparison with it, the quantity in 
square brackets is practically constant, and equation (2) becomes 


Further, if the quadrants are all of the same material, and their sur- 
faces in the same condition, ¢, = ¢,, and 


KV.—V,) (4) 


which is independent of the ¢’s. 

Even if the pairs of quadrants were of different materials or their 
surfaces in different conditions, the Volta differences of potential 
would have no effect, for in order to measure a difference of poten- 
tial we first connect the two pairs of quadrants together so that 
V, — V,= ¢,,, and the deflection then is 


which is the practical zero. We then join wires that are of the 
same material to the quadrants and to the two points to be investi- 
gated, and obtain the deflection 


K(E+ Yn + — $2). (6) 
Since 
Vi- V,=L£ + ¢y 


where £ is the desired difference of potential. 
The observed deflection is 


4, = KE (7) 


and is proportional to the difference of potential £. 

Hence we conclude that if the electrometer is used heterostatic- 
ally, the contact potential differences have no effect and need not 
be corrected for. 


4 
KV, — V,+ 9, — $2). (3) 
| 
| 
| 
i 
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If, however, the instrument is used idiostatically the Volta dif- 
ference of potential may produce a large error. Suppose the 
needle is connected with the pair of quadrants (1). Usually the 
needle connection is made through platinum wires that dip into a 
concentrated solution of sulphuric acid, and if the electrodes are 
not exactly the same the electromotive forces at their surfaces will 
not exactly balance each other and there will be a resulting dif- 
ference of potential produced by the electrolyte. We will assume, 
however, that there is no such electromotive force in the needle 
circuit, or better still that the connection with the needle is made 
entirely through metallic conductors. Under these circumstances 
the potential of the needle is V, = NV, + ¢,,. 

Assuming the quadrants to be of the same material and, there- 
fore, ¢, = ¢,, the formula (2) becomes 


k y 
(4,- V, + 2(¢, + — (8) 


The expression in parenthesis ¢ + ¢,,— ¢, is the Volta difference 
of potential between the needle and the quadrants. It appears that 
the deflection @ is not strictly proportional to the square of the dif- 
ference of potential as is usually stated, and that if the sign of the 
potential difference be reversed, the deflection will change in magni- 
tude. These conclusions can be easily tested experimentally as de- 
scribed below. Further it is evident that if the Volta electromotive 
force is neglected, and the simple formula 


k 
(9) 


used, a large error may be made in the measurement. For ex- 
ample, suppose we are measuring the constant 4 of the instrument 
by means of an electromotive force of 20 volts, and that the Volta 
electromotive force is .5 volt (it often is larger than this) ; then the 
value of & as calculated from (9) will differ from its true value as 
calculated from (8) by 5 per cent. 

- The change in the magnitude of the deflection on reversing the 
sign of the potential difference V, — V’, is not due toa lack of sym- 
metry in the adjustment of the instrument, for the deflection is on 


2 
4 
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the same side of the zero before and after the reversal. The only 
way to change the sign of the deflection is to join the needle to the 
other pair of quadrants, and when this is done we get a similar 
change in the magnitude of the deflection on reversing the potential 
difference, although in case of non-symmetry the actual magnitudes 
of the deflection may be much greater or less than they were before. 
It will be proved below that formula (8) holds true whether the in- 
strument is exactly symmetrical or not. 

The above theory was tested experimentally as follows. The 
bifilar suspension of an ordinary quadrant electrometer was taken 
out and a fine phosphor-bronze wire, through which the needle 
could be charged, substituted for it. A storage battery furnished a 
constant electromotive force of 36 volts. The apparatus was ar- 
ranged according to the usual idiostatic method of measurement. 
It appeared that the maximum deflection always occurred on charg- 
ing the quadrants connected with the needle positively. Calling 6, 
and #, the maximum and minimum deflections respectively, the fol- 


lowing numbers represent the averages of a dozen readings, 
= 27.56cm. = 27.06 cm. 
giving a difference in deflection of 
— 4, = .50 cm. 


It is well known that the Volta effect depends to a considerable 
extent upon the condition of the air surfaces of the metals, 7. ¢., 
whether they have been recently cleaned or not, etc. To test 
whether the difference in deflection would be altered in the same 
manner the needle was taken out, scraped with emery paper and 
replaced again. Owing to the unavoidable bending of the needle 
we would not expect to get the same deflection as before. Readings 
similar to the above gave 


= 25.32 cm. 4,= 22.75 cm. 8, — 0,= 2.57 cm. 


The actual deflections are slightly smaller but their difference has 
been increased to over five times the former difference, indicating a 
corresponding increase in the Volta effect. The needle was as usual 
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made of aluminium, and this increase in the Volta effect caused by 
cleaning the surface of aluminium is well known. 

An estimate of the magnitude of the Volta effect can be obtained 
as follows: Putting — l,=F the electromotive force of the 
battery, formula (8) becomes 


ELE + 20] 


where P=¢ + ¢,, — ¢, is the Volta difference of potential. Revers- 


ing the electromotive force, |) — = — F, and 


=" ELE 20). 


By adding, subtracting and elimininating / we get 


— 


= 
2(4, + 4,) 


(10) 

The quadrants of the electrometer were of brass, and the above 
readings substituted in formula (10) give for this particular alumin- 
ium needle, and these particular brass quadrants @=.165 volt 
before cleaning and # = .962 volt after cleaning the needle. 

In order to prove that the want of symmetry in the adjustment 
of the electrometer is not the cause of the above-described differ- 
ence in the deflections we will go back to first principles and deduce 
the equation for the moment of the mechanical force acting on the 
needle, taking account of the differences of potential at the surface 
of contact. As usually stated the energy of charged conductors is 


where the I's are the potentials of the conductors, and the c's the 
coefficients of capacity. If we use the previous notation, it is evi- 
dent that the energy of the electric field will depend upon the values 
of the potential just outside the air surfaces of the conductors, 7. ¢., 
upon I’ + ¢,, etc., and not on /’, etc., alone. Hence the electric 
energy of ” conductors is 


p=n 


+ ¢,) (12) 


= 
a 
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all possible combinations of f and g being taken once only. In the 
case of the quadrant electrometer 


W = 3c(V, + + de(V, + + + ¢,) 
+ + ¢ + + al V, + ¢ + ¢,) (13) 
+ + + ¢¥,)- 


The moment of the force 6 tending to increase the deflection @ is 
the derivative of IV with regard to 4, the potentials being kept con- 
stant, hence 


1+ + 3( ot $2) on + 3( at an 


4 
+(V,+ ¢,)(V, + ¢,) 


Assume that the quadrants are of the same material, that the needle 
is connected with the quadrant 1, and that the difference of poten- 
tial between the quadrants is — Then 

¢=¢, =V,+¢,, and (15) 


From the well-known relations between the coefficients (see Max- 
well’s Electricity and Magnetism, § 219) 


dc, de, dc. dc, dc, ac, 
Substituting (15) and (16) in (14) we get 
Oc, 0c Oc 
9= +4 + + ¢,,—-¢,) 
(17) 


=} L[E+ 20] +} 4 - 


here M in the Volta potential difference as before. If the instru- 
ment is symmetricaily adjusted 


Oc 
CC, 


od oW 


and the last term of (17) vanishes. 
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If the sign of the electromotive force is reversed 


and the two moments differ from each other by 


_# Oc, 
l 2 


Hence the deflections will be different in the two cases, and this is 
not caused by lack of symmetry. If we had connected the other 


quadrants to the needle c, and c, would have been interchanged in 


(17), and this would have made a difference in the value of the 


~ 


. Ol, - 
moments only. For small deflections 9 8 usually constant, and 


in this case if the instrument is symmetrical (@ being proportional 
to 4) (17) reduces to 

which is equation (8). 

In the non-symmetrical case the last term of equation (17) simply 
fixes the position of the zero point as read on the scale when the 
quadrants were joined together and “=o. So that for small de- 


flections the zero 
4, = + &,)F 
and 
SA, ELE + 20 + Tk. + k,)P 


and the observed deflection from the zero is 
i= LA, ETE + 20] 


which is exactly the same as in the symmetrical case. 

A similar line of reasoning to the above will apply to every type 
of electrometer, and it is very important to determine the effect of 
the Volta potential difference unless it is definitely known that all the 
conductors of the instrument are of the same material and their sur- 
faces in the same condition. 

A better method of measuring the Volta effect than that described 
above is the following. Place a Clark cell of electromotive force ¢ 


= 
4 
4) 1 OC. 
2 = 5 5p Oc 
2 \00 +3 
te 
a 
4 
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in the needle circuit between the quadrants 1 and the needle. This 
amounts simply to increasing or decreasing the value of the differ- 
ence of potential between the needle and the quadrants which before 
was ¢,. The formula under these circumstances becomes 


rr 
0, = —E[E + 20+ 2¢] (18) 


and the difference in deflection on reversing / is 


since we May assume 19 


(19) 


~ 


to be constant over the small range of de- 


flections #4,—4,. Experiments with the above described electrom- 
eter gave the results tabulated below. 


6, #( Volts). 
No Clark cell. . ‘ 24.75 22.20 2.55 .956 
Positive pole to needle . . fine 26.54 20.32 6.22 .902 


Negative pole to needle. . . 22.86 24.26 1.40 .905 


The values of # were calculated by substituting in equation (19) 
and eliminating A. The temperature was 20° C., and the value of 
¢ = 1.430 volts. 

The fact that the Volta potential difference increased enormously 
on simply cleaning the air surfaces of the needle while the metal 
contacts were left undisturbed is strong evidence for the view that 
most of this difference of potential is due to impressed electromotive 
forces in the air surfaces and not, in the metal contacts. 


HALE Puysicat LABORATORY, 
UNIVERSITY OF COLORADO, 
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A FURTHER NOTE ON THE VISIBLE RADIATION 
FROM CARBON. 


By Epwarvp L. NicHoL_s AND ERNEST BLAKER. 


HE present writers have in two recent papers‘ shown the existence of 

a selective radiation from glowing carbon, which manifests itself in 

the region lying between the yellow and red. When the latter of these 

papers were read at the Denver meeting’ of the American Association for 

the Advancement of Science, Professor D. B. Brace suggested that this 

peculiarity might be connected with the anomalous dispersion of carbon 

noted by previous investigators. It is the object of this note to call at- 

tention to the fact that the optical properties of carbon are such as one 

would naturally expect to find in accompaniment with selective radiation 
in the given region. 

While it is hardly safe to deduce from the optical behavior of a sub- 
stance at ordinary temperatures its properties when heated to incandes- 
cence, it is obvious that one would expect, in so far as those properties 
are unchanged by the rise of temperature, that in the region where the 
emission curve shows a maximum there would be an absorption band and 
that in the neighborhood of this absorption band anomalous dispersion 
might be looked for. In point of fact there is evidence from measure- 
ments already published that the absorption of light by thin films of car- 
bon is greater in the middle of the visible spectrum than in the red or 
violet. In 1886 one of the present writers’ published the results of 
measurements upon the spectrum of two specimens of lampblack, both of 
which showed a greater transmitting power in the red and the violet than 
in the region of the D line. ‘The maximum of absorption was found to 
lie in the neighborhood of the E line (A=.52). The color of lamp- 
black was described as a purple in which red is the dominant hue, but in 
which violet also greatly predominates over the wave-lengths which form the 
central region of the visible spectrum. Measurements upon the age coat- 
ing in incandescent lamp bulbs, made by Messrs. Moore and Ling in 
1892,° show that the absorption of light by the deposit of carbon upon 


MNichols: The Visible Radiation from Carbon; Puysicat Revizw, Vol. XIII, 
page 65 (1901); also Blaker, ibid., p. 345. 

2 Nichols : ‘Trans. of the Kansas Academy of Science, Vol. X., page 37. 

3 Nichols : American Journal of Science, Vol. XXXIV., page 277. 
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the bulb of a lamp with treated filament, after 908 hours, is greatest in 
the region of .635y. 

The curve given in Fig. 1 is plotted from their data. It is noteworthy 
that the maximum of absorption as indicated in this curve corresponds 
very closely with the maximum of radiation in the intensity curves 
published in our recent papers. (See Fig. 2, page 138 and Fig. 16, 
page 357, Vol. XIII. of the PHysicat Review.) Knut Angstrém,' in his 
paper on the transmission of heat of various wave-lengths through turbid 
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media, explored the infra-red spectrum of lampblack. While his curves 
do not extend into the visible spectrum, they show the rapidly increas- 
ing opacity of this substance as the limit of visibility in the red is 
approached ; and it is evident that we have to do here with one side of 
an absorption band which in the case of thick layers, at least, covers 
the entire spectrum. Sudden changes from opacity to transparency like 
that exhibited by carbon are usually indicative of anomalous dispersion 
and in point of fact Wood has recently’ described measurements upon 
prisms of lampblack and layers of carbon deposited upon glass from the 


1 Angstrém: Wiedemann’s Annalen, Vol. 36, page 715 (1889). 
2 Wood : Philosophical Magazine 6, Vol. I., page 405 (1901 ). 
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filament of an incandescent lamp, which exhibited this peculiarity. It 
would thus appear that there is abundant experimental evidence of the 
existence of all those optical peculiarities in carbon which would naturally 
accompany the phenomenon described in our papers cited at the be- 
ginning of this note. Since the existence of a maximum of absorbing 
power in the middle of the visible spectrum does not appear to be uni- 
versal in carbon films, neither Rosicky’ nor Stark’ having noted this 
peculiarity in their spectrophotometric studies of lampblack and Moore 
and Ling in their measurement of the age coating in incandescent lamps 
having found this maximum ina coating from a treated filament, but not 
in that from an untreated lamp, it has seemed worth while to make 
further measurements both of the absorption and dispersion of carbon. 

The present writers have in hand an investigation of this character 
the results of which are not yet ready for presentation ; but it may be 
stated in this connection that the spectrophotometric study of a film of 
carbon deposited upon glass by the method described by Wood gave in- 
dications of maximum of absorption in the region .52 » and that measure- 
ments of the dispersion of a prism of asphalt, the optical properties of 
which substance, as will be shown in a forthcoming paper, are so nearly 
identical with those of carbon as to lead to the conclusion that the color 
of this substance is due to carbon particles suspended in a translucent 
medium consisting of hydrocarbons, gave the following results : 


TABLE I. 
Anomalous Dispersion in Asphalt. 


Wave-Length. Index of Refraction. 
.6708 1.6209 
-6104 1.6282 
1 1.6351 
-5682 1.6339 


These indices are much smaller than those found for carbon by Stark 
and by Wood as was to have been expected in the case of what may per- 


‘ haps be regarded as a solid solution of carbon in a medium of smaller 


refractive power. ‘The measurements would seem to indicate that the 
maximum of the absorption band corresponding to this region of anom- 
alous dispersion occurs at a somewhat shorter wave-length than in the 
case of the carbon film studied by Moore and Ling and of the carbons 
used by the present writers in their measurements upon the emissive 
power of that substance. 
PHyYsICAL LABORATORY OF CORNELI. UNIVERS.TY, 
Nov. 27, 1901. 


' Rosicky : Wiener Berichte, 78, II., page 407 (1878). 
2Stark : Wiedemann’s Annalen, 62, page 351. 


| 
®) 


No, 6.] NEW BOOKS. 381 


NEW BOOKS. 


Fligh Temperature Measurements. By Le Cuarecier and O. 
Boupovarp. ‘Translated by GEorGrE kK. BurGrss. New York, John 
Wiley & Sons, 1901. Pp. xi + 230. 

Mr. Burgess in this volume has given us an excellent translation of the 
well-known work of Le Chatelier and Boudouard and he has in addition 
brought the subject up to date by means of a chapter of his own entitled 
‘Recent Developments,’’ in which the latest advances in pyrometry have 
been recorded. It is a great convenience to workers in this field to have 
in convenient form such data as those upon the expansion of nitrogen by 
Chappius and Harker and the results of Holborne and Day upon air ther- 
mometers. ‘The establishment of the fact that bulbs of platinum-iridium 
although permeable to hydrogen are impervious to nitrogen even at a 
white heat is of great importance. ‘The determinations of these authors 
of the melting points of silver, gold, and copper would seem to leave but 


little to be desired, and it is a matter of gratification to find that the art of 


making the platinum metals has now reached a stage in which thermo 
elements for high temperatures give consistent results. ‘The bibliograph- 
ical index at the close of Mr. Burgess’s translation is much fuller than that 
in the original French edition of this work. 

E. L. N. 
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Ziegler Hand Dynamo. 


The dynamo shown gives a current of 
four ampéres, at an electromotive force of 
fifty volts. It will therefore permit of the 
employment of the ordinary 50-volt lamps 
of commerce for demonstration or experi- 
ment. It runs easily and is an_ ideal 
machine for the college and laboratory. 


ZIEGLER ELECTRIC CO., 141 Franklin St., BOSTON, MASS. 
Send for a copy of Physical Catalogue No. 10. 
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The Principles of Mechanics 
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of of California. Part I., pp. x+ 299. $1.90 


namical Mechanics. 


The needs of college students at an elementary stage are considered; but also the value 
of Mechanics as a system of organized thought, of distinct culture value. 


A Treatise on the Theory of Screws 
By Sir ROBERT STOWELL BALL, LL.D., F.R.S., 
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tllustrated Treatise, the University of Cambridge. 8vo, $5.50 nev. 


An exhaustive thoroughly 


The Thermal Measurement of Energy 
: d By E. H. GRIFFITHS, F.R.S., Fellow of Sidney 
Lectures delivered at the Sussex College, Cambridge. 135 p. 12mo (Cam- 
Philosophical Hall, Leeds. bridge University Press Series), cl., net, S0c; 
postage, 8c. 


A Treatise on Elementary Statics 


te By W J. BBS, M.A., sometime Foundation Scholar 
of St. John’s College, Cambridge, with 191 Illus- 
and Colleges. trations. 311 p. 12mo, cl., ef $2.00; postage, 12c. 
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A History of Physics 


In Its Elementary Branches, including the Evolution 
of Physical Laboratories 


By FLORIAN CAJORI, Ph.D. 
Professor of Physics in Colorado College. 
Cloth Cr. 8vo, $1.60 net ; postage, 15 cents. 


This brief popular History gives in broad outline the development of the science of 
physics from antiquity to the present time. It contains also a more complete statement 
than is found elsewhere of the evolution of physical laboratories in Europe and America. 
The book, while of interest to the general reader, is primarily intended for students 


and teachers of physics. ‘The conviction is growing that, by a judicious introduction of 


historical matter, a science can be made more attractive. Moreover, the general view of Fas 
the development of the human intellect which the history of a science affords is in itself a 
stimulating and liberalizing. 
‘« Prof. Cajori has followed his ‘ History of Mathematics’ with a ‘ History of re 
Physics’ that is even more interesting and valuable... . Ewery teacher and student 
of physics should read it and add it to his library. It shows careful study, enthusiasm . 
and a comprehensive grasp of the subject.’’—/eurna/ of Education, 
BY THE SAME AUTHOR ‘ 
A A History of . 
\ 
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Cloth, $3.50 xe/, postage, 16 cents. Cloth, $1.50 ver; postage, 12 cents. ? 
‘* What we have a right to expect in such ‘*A most instructive, and at the same } 
a handbook is an agreeable narrative of the _ time a very readable piece of work, full of 4, 


most material events in the history of curious facts.’’—7Zhe Bookman. 
mathematics, and this Professor Cajori in- ** By no means an abridged edition of The 5 
contestably supplies. ‘The book was much — 7/jstoy'y of Mathematics. It is an entirely 
wanted.’’— Zhe Nation. new book, giving a somewhat detailed ac- 

‘*A scholarship both wide and deep is count of the rise and progress of Arithmetic, 
manifest in this //istory ef Mathematics Algebra and Geometry. The book should 


which the author has infused with hisown _ be read by all teachers of these subjects, ; 
ardor in this department of science.”’ and by mathematical students generally.’’ | 
— Journal of Education. —.4merican Mathematical Monthly. 


Chemical Lecture Experiments 


By Francis Gayno Benedict, Instructor in Chemistry in Wesleyan University 
12mo, cloth, $2.00 we. 


The material here presented has been in a measure prepared with reference to its use 
by students desiring collateral reading in connection with experimental lectures. An 
elaboration of the Laboratory Manual, the book may also be used by students for the 

{ preparation of many compounds not considered in elementary text-books. 
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New Books on Astronomy, etc. 


Among THE MACMILLAN COMPANY’S Publications 


By Sir ROBERT BALL, 
The Elements of Astronomy 


By the author of ** Star- 
land,” ‘* Atlas of Astron- 
omy,’ ** The Story of the 
Sun,’ The Theory of 
Screws,”’ etc., etc. 


By Sir ROBERT B ALL, LL.D., Lowndean Professor 
of Astronomy and Geometry in the University of 
Cambridge, formerly Royal Astronomer of Ireland 

Cloth, illustrated, 80 cents x7. 


By JOHN COUCH ADAMS 
Lectures on the Lunar Theory 


The Lectures of Prof, yy \OHN COUCH ADAMS, M.A., F.R.S., late Lown 
Ball’s predecessor, edited bj 


R. A. SAMPSON, Cnt 
versity of Durham. 


dean Professor of Astronomy and Geometry in the 
University of Cambridge. Cloth, 8vo, $1.25 net. 


By W. HASTIE, D.D. 
Kant’s Cosmogony 


Kant’s Essay on the Re- Edited and Translated by W. HASTIE, D.D., Professor 


tardation of the Rotation of of Divinity, University of Glasgow. With an In- 
the Earth and his Natural troduction and Appendices by and a portrait of 
History and Theory of the THOMAS WRIGHT, University of Durham. 

Heavens. Cloth, cr. 8vo, $1.90 


By A. W. BICKERTON 


The Romance of the Heavens 


sy A. W. BICKERTON, Professor of Chemistry, Canterbury College, Christchurch, 
New Zealand University, Author of ‘* The Romance of the Earth.’ 


Cloth, 12mo, $1.25. 


By Sir NORMAN LOCKYER, K.C.B. 


Recent and Coming Eclipses 


Accounts of Observations 


By Sir NORMAN LOCKYER, k.C.B., F.R.S., author 
india, with Condt- of ‘*The Sun’s Place in Nature,”’ etc. Secona 
Edition. \\lustrated, Cloth, 8vo, $2.00 net 
1907 ANd 1905. 
Send for our Monthly bulletin on new publications. Address, 
THE MACMILLAN COMPANY, 66 Fifth Ave.. New York 
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Standard Text-Books on General Physics 


The Elements of Physics 
FOR USE IN HIGH SCHOOLS. 


By HENRY CREW, Ph.D., Northwestern University. 
Second Edition, Revised, Cloth. $1.10, net; postage, 12 cents. 


Elements of Theoretical Physics 
By PROFESSOR C. CHRISTIANSEN, ¢ 2iversity of Copenhagen. Translated into 
English by W. F. Mactr, Ph.D., Professor of Physies, Princeton University. 
Cloth, 8vo. $3.25, net; postage, 17 cents. 


Problems and Questions in Physics 
CHARLES P. MATTHEWS, M.E., ,x» JOHN SHEARER, B.S. 


Purdue University Cornell University 


8vo. Cloth. pp. 247 +4. Price $1.60, net; postage, 13 cents. 


Ain Intermediate Course of Practical Physics 
By A. SCHUSTER, Ph.D., F.R.S., sx» C. H. LEES, D.Sc. 


Owens College, Manchester Owens College, Manchester 
i2mo. Cloth. pp. xv + 248. Price $1.10 net; postage, 10 cents. 
By the same authors 
Advanced Exercises in Practical Physics 


Cambridge Cniversity Press Series. Cloth. 8vo, $2.00, ne‘; postage, 17 cents. 


Lessons on Elementary Practical Physics 
By BALFOUR STEWART, A.M., LL.D., F.R.S., «x» W. W. HALDANE GEE 


Vol. Il. General Physical Processes, 12mo. $1.50, e/,; postage, 9c. 
Vol. Il. Electricity and Magnetism, $2.25, postage, 
Vol. III. Part I. Practical Acoustics, $1.10, vet ; postage, 9c. 

Part Il. Heat and Light, /ress 


Laboratory Manual of Physics and Applied Electricity 
Arranged and Edited by EDWARD L. NICHOLS 
Professor of Physics in Cornell University 
IN TWO VOLUMES Vol. I. Cloth. Price $3.00, net; postage, 15 cents. 
JUNIOR COURSE IN GENERAL PHYSICS. By ERNEsT MERRITT and FREDERICK 
J. RoGErs. Vol. Hl. Cloth. pp. 444. Price $3.25, net ; postage, 15¢ 
SENIOR COURSES AND OUTLINES OF ADVANCED WORK By GeorGE S. MOLER, 
FREDERICK BEDELL, HOMER S. HoTcHKIss, CHAS. P. MATTHEWS, and THE EDITOR. 


A large proportion of the students for whom primarily this Manual is intended are preparing to 
become engineers, and specia) attention has been devoted tothe needs of that class of readers. 


** Books published at wet prices are sold by booksellers everywhere 
at the advertised wet prices. When delivered from the publishers, 
carriage, either postage or expressage, is an extra charge.” 


THE MACMILLAN COMPANY New York: 66 Fifth Avenue 
BOSTON CHICAGO SAN FRANCISCO 
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Mathematical and Physical Publications 


Geometric Exercises in Paper-Folding 


By T. SunpARA Row. Edited and revised by W. W. BeMAN and D. E. SMitH. 
With many half-tone engravings from photographs of actual exercises, and a pack 
age of papers for folding. Pages x, 148. Price, cloth, $1.00 met (4s. 6d. nef). 
Just published. 

‘* | have sought not only to aid the teaching of geometry in schools and colleges, 
but also to afford mathematical recreation to young and old, in an attractive and cheap 
form. ‘ Old boys’ like myself may find the book useful to revive their old lessons, and 
to have a peep into modern developments which, although very interesting and instruc 
tive, have been ignored by university teachers.’’—/yrom the Author's Preface. 


Essays on the Theory of Numbers 


(1) Continuity and Irrational Numbers; (2) The Nature and Meaning of Numbers. 
By RicHARD DEDEKIND. From the German by W. W. BEMAN. Pp. 115. 
Cloth, 75 cents met (38. met). New publication, 

These essays mark one of the distinct stages in the development of the theory of 
numbers. ‘They give the foundation upon which the whole science of numbers may be 
established. The first can be read without any technical, philosophic or mathematical 
knowledge ; the second requires more power of abstraction for its perusal, but power of 
a logical nature only. 


Elementary Illustrations of the Differential and 
Integral Calculus 


By Aucusrus DE MorGAN. Newreprint edition. With sub-heads and bibliography of 
English and foreign works on the Calculus. Price, cloth, $1.00 met (4s. 6d ner). 
‘«It aims not at helping students to cram for examinations, but to give a scientific 
explanation of the rationale of these branches of mathematics. Like all that De Morgan 
wrote, it is accurate, clear and philosophic.’’ —Ziterary World, London. 


The Science of Mechanics 


A Critical and Historical Account of Its Development. By Dr. Ernst MAcu, Pro- 
fessor of the History and Theory of Inductive Science in the University of Vienna. 
Translated from the German by THOMAS J. McCorMACK. Second enlarged edition 
published Nov., 1901. 250 cuts. 575 pages. Cloth, gilt top, marginal analyses. 
Exhaustive index. Price $1.75 me? (7s. 6d. net). 

This book is as much a work on philosophy as science, It takes up the subject of the 
development of mechanics as a specimen of scientific development in general and shows 
both the psychology and the logic of the onward movement of human thought. The 
mechanism of the growth of our ideas, the nature of the structure of science and of 
truth in genera] are here exhibited in the plainest light. 


Popular Scientific Lectures 


A Portrayal of the Methods and Spirit of Science. By ERNst MAcn, Professor in the 
University of Vienna. Translated from the German by T. J. McCormack. Third 
Edition. Pages, 415. In cloth, gilt top, $1.50 met (7s. 6d.). 

‘*A most fascinating volume, has scarcely a rival in the whole realm of popu- 
lar scientific writing.’’—Boston Traveller. 
‘* Truly remarkable. . . . May be fairly called rare.’’ 
—ProressoR HENRY CRrEw, N. W. University. 
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‘PORTRAITS 


To satisfy a demand which has arisen, the pub- 
lishers have arranged to issue a limited number of 
copies of the portraits of scientific men, that have 
appeared from time to time as frontispieces in the 
3 PuysicaAL REVIEW. 

The portraits are printed in photogravure, on plate 
paper, suitable for framing, and are for sale at the 
very low price of 25 cents each. 
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